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PROCEEDIL NGS
8:00 a. m
BULLEN: Good norning. Thank you for returning for this
nmorning's session, and I'd like to ask you to grab your cup
of coffee and take a seat.

Before | turn the session over to Dr. Saglés to run
this technical session, | have a coupl e of housekeeping
announcenents that 1'd Iike to make.

First and forenost, you'll notice that the agenda
has a public comment period scheduled for this afternoon, and
|'ve had a couple of nmenbers of the public who are interested
in making a comment but cannot stay until the end of our
nmeeting. So we're going to try and adjust the schedul e just
alittle bit, sowhat I'd like to do is immediately prior to
[ unch, and hopefully that will occur right at noon, we wll
have a 15 m nute public coment period.

Again, if you would Iike to make a comment, sign up

with one of the Lindas at the back table in the back of the

room And if you can wait until the end of the day, | think
| mght be able to allowyou a little bit nmore tinme. But |I'm
going to keep the comrent period at noon to 15 minutes. So

if you need to comment and cannot stay until the end of the
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meeting, |I'd like you to sign up for the noon comment peri od.
If you can wait until later in the day, | would appreciate
it, and we'll give you the allotted tine then.

|"mstill planning to close the neeting right at 5
o' clock, so we'll try and adjust the comment peri ods
accordingly.

That's the only housekeepi ng neasure | have. |
know t hat Al berto Sagués would like to make a brief statenent
about a workshop that the Board is sponsoring, and I wl|
turn it over to Al berto, at which point we will begin this
norning's session. Al berto?

SAGJES: Thanks, Dan. Good norning. M name is Al berto
Saglés, and |'m a nenber of the Nucl ear Waste Techni cal
Review Board. | would like to welconme you to this norning' s
session of the joint neeting of the Board' s Perfornmance
Assessnent and Repository Panels devoted to DCE' s
Suppl ement al Sci ence and Performance Anal yses or the SSPA
Report .

For nost of the norning, we will hear presentations
on the scientific work done in different technical areas.
Greg Gdowski of Lawence Livernore National Laboratories and
Joon Lee of Sandia National Laboratories will make
presentati ons on waste package corrosi on process conponents.

They will be followed by Pat Brady of Sandi a

Nat i onal Laboratories, who will talk about the waste form
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process conponents, Jim Houseworth of Lawr ence Berkel ey
National Laboratories, who wll talk about unsaturated zone
process conponents, and Bruce Robi nson of Los Al anbs Nati onal
Laboratory, who will talk about saturated zone process
conmponent s.

The rest of this norning will be given by Bob
Andrews of Bechtel SAIC, who will tell us how all the
different technical information we have been hearing about
will be incorporated into the Supplenental Total System
Per f or mance Assessnent.

Before | give the neeting to the speakers, | wanted
to make a brief announcenent, which | may repeat later in the
day, and that has to do with a workshop, an international
wor kshop on | ong-term extrapol ati on of passive behavior that
t he Nucl ear Waste Technical Review Board will be hosting on
July 19t h, Thursday, and July 20th, Friday norning, and that
will take place in Arlington, Virginia.

And in that workshop, we will be discussing the
i nportant issue of taking, over a very long time franme, the
kind of findings that are developed on a nore limted tinme by
means of | aboratory experinments, and al so | ooking at the
engi neering experience. There is a sheet with an
announcenent concerning this workshop right there on the
t abl e.

Having said that, I'"mgoing to turn over the
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neeting to G eg Gdowski and Joon Lee. And the floor is
yours.

GDOWBKI:  I'mgoing to talk about five topics that are
related to the waste package degradati on, and each one of
these topics I"'mgoing to present what we attenpted to do in
TSPA-SR, and then | will tal k about how these things have
changed and how we're inplenenting themin SSPA. These are
the five topic areas.

The first one is environnmental concerns.
Concerning the range of water chem stries that can contact
t he waste packages, in TSPA-SR, we considered that only
carbonate base brines would be contacting the waste packages.
That is, all the agueous solutions would be conposed of

sodiumsalts, and this has inplications which | wll discuss

in the next slide.

Now we al so consider that near neutral pH brines
can be in contact with the waste packages. |In particular,
what this nmeans is that cal cium and magnesi um salts may be

present in these solutions. The reason they're not present
in the carbonate base brines is because of precipitation of
i nsol ubl es carbonates of silicates.

Anot her effect that we considered in SSPA was the
presence of lead, soluble lead in waters that may contact the
wast e packages.

VWhat we have done is a literature review of lead in
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dilute water systens, showing that they're limted by the
precipitation of salt based in carbonates. W also reviewd
t he USGS dat abase on | ead solubility in waters that enconpass
the Yucca Mountain region, and showed that the nmedi an
concentration in these solutions is about 9 ppd.

We al so have an ongoi ng experinmental programto
assess the amount of | ead that can remain in solutions that
are undergoi ng evaporative concentration. W also are
updati ng the thernodynam c dat abases so that we can perform
cal cul ations to understand how | ead woul d evol ve in these
solutions. W are also |ooking at arsenic and nercury under
t he sane sort of conditions.

On a related topic, we're also considering now the
aspects of redox couples in these solutions, and how t hey may
affect the el ectrochem cal potentials in these sol utions.
We're considering not only el enmental species redox couples,
such as ferric/ferrous, for lead plus twd/lead netal system
but al so the nol ecul ar species, the nitrates and the sulfate
sol uti ons.

We're al so considering that there are other sources
of soluble salts that can contact the waste packages. These
include the entrained matter that may be in the ventilation
system and also rock dust. W have an ongoing programwth
the USGS that is evaluating both of these aspects.

This slide is a plot of the deliquescence points
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for pure salts. A deliquescence point is a relative humdity
t hat defines where we can form aqueous solutions. Any
relative humdity at the deliquescence point and above it

wi Il forman aqueous solution for that particular salt.

If we consider a salt |ike sodiumchloride has a
del i quescence of 75 percent, what that neans is that any
relative humdity above 75 percent, we form aqueous sol utions
with that particular salt. Below 75 percent relative
hum dity, the salt exists as a dry salt.

I n TSPA- SR, what we consi dered was that we had only
sodium salts present. W defined the deliquescence point in
that system by the nost deliquescence point in salt that we
m ght have in those solutions, and that was sodiumnitrate.
You can see that that decreases, the deliquescence point
decreases from about 70 percent at 50 degrees C., down to its
boiling point, which is about 50 percent at 120 degrees C.

So we considered a range of aqueous solution formation in
this plot above that |ine.

For SSPA, we al so now considered that we may have
magnesi um or cal cium chloride type salts on the waste
packages. Wsat that does is increases the range that we
m ght expect to have aqueous sol utions on these waste
packages. Considering mag. chloride, we see that it has a
del i quescence point of about 31 percent at 50 degrees C.

Extrapol ating out to the boiling point for calciumchloride
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i ndi cates that about 165 degrees C. has a deliquescence point
of around 15 percent. So our range at which we can form
aqueous sol utions on the waste packages has increased
significantly.

We now consi der phase stability in the Suppl enent al
Sci ence and Performance Anal yses. Qur new data increases our
confidence in TSPA. To support our rather short-term
extrapol ati on of experinental data to |ong-tine, we have
t heoretical nodelling that shows that phase instabilities
under repository conditions for the base netal are not
expected. | have a backup slide that shows sone of this data
that I won't go into.

We al so have shown that |ong-range ordering is not
expected to be a problemfor 300 degrees C. Previously, our
data had indicated that it wasn't a probl em bel ow 260 degrees
C. So we've increased our margin of susceptibility there.

We al so have sone prelimnary weld data that
indicates instabilities do not occur bel ow approxi mately 200
degrees C. And I'll discuss that in the next slide.

We al so have sone alternative |lines of evidence.
What we have is aging tines for the base netal indicate that
degradation in the nmechanical and corrosion properties do not
appear |ikely bel ow tenperatures of about 300 degrees C

We al so have sone natural analog information that

indicates that the diffusion processes which result in these
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phase instabilities are very |ow at anbient conditions.

Josephinite, which is a natural netal mneral, has
been stable in the environment for hundreds of mllions of
years. This material fornmed, at high tenperatures, it forned
a two-phase netallic structure that is unstable at room
tenperature, yet it has remained in this two-phase structure
for mllions of years, hundreds of mllions of years.

This new data concerns Alloy 22 welds. Wld
mat eri als, or when you weld, you have about two vol une
percent of precipitates in the weld, in the as-wel ded
condition. Wat we were trying to do here is see how nuch
nore, or what volune percent of these precipitates in the
wel ds woul d i ncrease susceptibility to chem cal attack

And so what we have plotted here is the aging tinme
required to formboth five vol une percent precipitates and
ten vol une percent precipitates as a function of tenperature.

What we see in our work is that a five volune percent
precipitates in the system as judged by ASTM &8A, is the
cutoff point for susceptibility to corrosion.

As an alternative line of evidence, we also have in
t he base netal |ooked at the effect on the chem cal and
nmechani cal properties of precipitation, as judged by Charpy
and al so the ASTM &8A. Again, what we have plotted is the
time required to reach a certain anount of degradation of

these materials as a function of tinme. Extrapolation to, and
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this should be years, not hours, indicates that for the base
nmetal, tines are less--the tenperature to reach degradation
and 10,000 years is greater than 300 degrees C

On to general corrosion. What we considered in
TSPA was that dry oxidation does not occur below a critical
relative humdity; that aqueous-phase corrosion requires
dripping water; that hum d-air corrosion above a critical RH
has the sanme rate as aqueous-phase corrosion; that the
del i quescence point of sodiumnitrate defines the critical RH
for where we turn on hum d-air corrosion; and that we assune
that passive filmwas stable

Continuing on with our TSPA results, the nodels
were based on the weight |oss data for Alloy 22, tw year
data, and for Titanium Grade 7, we had one year data fromthe
long-termcorrosion test facility.

The rates were independent of both tenperature and
water chem stry. W sanpled the fraction of uncertainty and
variability of the total variance, and that we al so had
enhancement factors for aging or precipitation of the
unst abl e phases, and al so we had an enhancenent factor for
m crobially induced corrosion.

Changes that have occurred for SSPA. W now have a
t enper at ure dependent corrosion rate. Wat we did was
assunmed that the tenperature dependency was based on the

long-termcorrosion test facility data for 60 degrees C. W
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assuned that the corrosion rate that we nmeasured was
occurring at 60 degrees C., and then we added a tenperature
dependence term with an Arrhenius relationship. W
determ ned the activation energy by potentiodynam c tests
conducted at 80 to 95 degrees C., and cane up with an
activation energy of 36 kj/nol.

More recent data using potentiostatic tests covered
over a wider tenperature range from25 to 80 degrees C., cane
up with simlar activation energy for the corrosion rate.

We assuned that all variances fromthe weight |oss
data is due to uncertainty.

Now, this is just the experinental data which was
used to calculate the activation energy for the tenperature
dependent corrosion rate. This data was all obtained from5
nmol ar lithiumchloride solutions that had a certain anounts
of chloride to sulfate ratio, varying from10 to 1 chloride
to sulfate, to 100 to 1 chloride to sulfate, over the pH
range of about 2.7 to 7.8.

What this shows is the cunul ative probability
di stribution function for the general corrosion rate for
three tenperatures, 25 degrees C., 60 degrees C., and 125
degrees C. \Wat we see is using this nethod, that we now
have an increase of about an order of nmagnitude between the
corrosion rate at the nmedian from 60 degrees C. to 125

degrees C., using our tenperature dependent corrosion rate.
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Passive filmstability. As | nentioned previously,
we have only considered that in TSPA, that passive filmwas
stable. W have since instituted various experinental and
theoretical efforts to understand this passive filmstability
under our conditions.

We have a generalized corrosion nodel that is based
on the point defect nodel and the m xed potential nodel.
These provide a mechani stic basis for extrapol ation of our
short-termcorrosion data to | onger tines.

We have a |l ocalized corrosion nodel, the current
nodel , which we will extend the current nodel to evaluate the
br eakdown of the passive film

As a function of growth conditions, new studies are
aimed at quantifying the growth rate of the passive film
characterizing the passive filmstructure, and eval uati ng any
potential breakdown nmechanisns. All three of these topics
will be discussed later by Jerry Gordon this afternoon.

Just to briefly go into the point defect nodel
this nodel has been extensively devel oped for describing the
growm h and breakdown of passive filnms on nunerous netals and
alloy systens. It has been tested against experinental data
and found to hold for a variety of alloy and environnental
syst ens.

It provides an analytical relationship between the

anodic partial current and the barrier |ayer thickness and
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potential. What it requires is a corrosion current as a
function of electrochem cal potential which corresponds to
t he passive current density. It also requires the
identification of the principal crystallographic defects in
the barrier oxide |ayer.

We obtained the corrosion current density fromthe
m xed potential theories and feed that into the point defect
nodel . But also the m xed potential nodel is based on the
physi cal condition that charge conservation nust be obeyed in
the system Fromthis, we obtain a corrosion potential, E-
corr, and also the corrosion current density.

These are sone sinulations that have been included
in SSPA. W have two plots here, one is for the
el ectrochem cal potential versus oxygen partial pressure, and
al so corrosion current density versus partial pressure of
oxygen. These are all for a stainless steel system assum ng
pH of 3, saturated sodiumchloride system and also an
el ectrolyte thickness of .01 centineters.

We have theoretical data and we nake a conparison
against that for literature data for 316L at 95 degrees C
We see in both cases that the nodel over predicts the
corrosion potential. And what we're trying to do is an
experinmental effort now to understand why it over predicts.

One of these that | nentioned previously was an

under st andi ng of the redox couples that are present in
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aqueous solutions. W want to understand which ones are
bei ng i ntroduced by the environnent, and which ones al so may
be introduced into the solution by degradation of the

engi neered barrier system conponents.

We al so have an experinental study to evaluate the
effects of these redox couples.

Local i zed corrosion considerations. |In TSPA-SR
the | ocalized corrosion threshold is based on corrosion
potential and a potential as a function of contacting
sol ution pH

In TSPA-SR, we did not exceed the threshold
potential, and so the |ocalized corrosi on nodel was never
turned on. Now with our higher tenperatures and sonmewhat
di fferent aqueous solutions, we feel the need that we need to
eval uate this nodel nore thoroughly, and so we're trying to
get a nechani stic understanding of the |ocalized corrosion
pr ocess.

This includes the corrosion and threshold potenti al
dependence both on sol ution conposition and on tenperature.
And we al so need to determne the Alloy 22 susceptibility
over a wi de conposition el ectrochem cal potential and al so pH
range. To this end, we're trying to eval uate Eh-pH di agrans,
both experinmentally and theoretically.

And then just to summarize, what | have here are a

list of the various topic areas, how we presented themin
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TSPA- SR, and al so how they are presented now i n SSPA.

Again, just to briefly go over sone of the aspects,
in ternms of the environnment, the range of chem stry that may
contact the waste package, in TSPA, we considered that the
sol utions were nostly carbonate based brines. Now we're
considering the possibility of near-neutral brine formation
on the waste packages.

In terms of phase instability, the base netal, we
considered it was stable. W now have theoretical nodelling
that supports this assunption that we nmade in TSPA. Long-
range ordering was not expected bel ow 260 degrees C. W now
can extend that up to 300 degrees C. Wl ds were not
consi dered. W now have experinmental evidence that indicates
that weld instability is probably not a problem under 200
degrees C.

For general corrosion, we had no tenperature
dependence. W now have a tenperature dependence for general
corrosion reactions.

Passive filmstability, we had assuned that the
passive filns were stable in TSPA. Now we're undertaking a
mechani stic nodel | i ng approach, and also trying to
characterize themand characterize their kinetics of grow h.

In terns of |ocalized corrosion, we had al ways
assuned that the threshold potential is not exceeded,

therefore, we didn't turn on the |ocalized corrosi on nodel
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Now we are extending the studies to higher tenperature
aqueous sol utions.

At this point, 1'd like to turn it over to Joon
Lee.

LEE: Okay, ny nanme is Joon Lee. What I'mgoing to
discuss is the remaining two other issues on stress corrosion
cracking and early waste package failure. Then I'mgoing to
focus on the effects of those quantified uncertainties of
t hose paraneters on waste package performance, nostly the
effect of quantified uncertainty of stress corrosion cracking
paraneters, and also effects of Alloy 22 general corrosion

nodels. Geg nentioned that we have a tenperature dependent

corrosion nodel. It has significant inpact on the waste
package performance. | will discuss this further later
Then | will briefly sunmarize the updated SSPA
wast e package nodel. Then | will wap up ny presentation
This is a list of the stress corrosion cracking
nodel paraneters in TSPA-SR. I n TSPA-SR, we assuned that al

pre-existing manufacturing flaws are oriented in such a way
they can propagate radially in the presence of hoop stress.
That is a conservative assunpti on.

The next one is all pre-existing manufacturing
flaws are surface-breaking, and then they grow at the rate of
general corrosion of the patch until the stress SCC

initiates. That is a highly conservative assunpti on.
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Then we have residual stress uncertainty bounds at
plus or mnus 30 percent of yield strength. And then we have
a stress threshold for crack growth initiation set at 20 to
30 percent of yield strength. Then we used a slip
di ssol ution nodel for our crack growh cal cul ati on.

Now, in SSPA, we have new data, new data for Alloy
22 in repository relevant conditions for stress threshol d.
So, based on that new data, we update the threshold stress to
80 to 90 percent of yield strength.

Let me | eave this up here, and then Il et ne go on.
This is Alloy 22 constant |oad stress corrosion initiation
test results. This test is ongoing, and the test is
continued at concentrated J-13 well water and at 105 degrees
C. As you see here, the Alloy 22 specinens have varying
conditions, such as crevice specinens and wel ds.

And then the specinens are subject to the stress,
stresses rangi ng from sonewhere between 170 percent of yield
strength, all the way up to 20 to 50 percent, not shown here,
but sonme of the specinmens were subject to 20 to 50 percent of
yield strengths. And up to 2500 hours, none of the Aloy 22
speci mens show any sign of stress corrosion crack initiation.

So this is hard data for Alloy 22 in Yucca Muntain rel evant
exposure conditions.

Then we have additional data fromthe | ong-term

testing facility at Livernore for U bend sanples, and none of
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t hose U bend sanpl es show any sign of stress corrosion crack
initiation.

So based on this data, and additional data at the
long-termtesting facility, we updated the threshold stress
for stress corrosion crack initiation to 80 to 90 percent.
But if you look at the data here, still 80 to 90 percent of
yield strength is highly conservati ve.

Let me go here. The next is stress corrosion
cracki ng paraneters. W evaluated in SSPA the residual
stress uncertainty bounds in the outer and inner closure-lid
wel ds. This evaluation is based on literature data nostly,
data with simlar stress mtigation techniques. For outer
closure-lid welds, we are going to use induction annealing to
mtigate stress. Based on the literature data, we updated
the stress uncertainty bounds to plus or m nus 21 percent of
yi el d strength.

For inner closure-lid welds, which will be
mtigated using | aser peening technique, we used the data for

simlar mtigation techni ques, which is sharp peening

actually, and we used the data to evaluate and update the
stress uncertainty bounds. |In SSPA the stress uncertainty
bound is sanpled froma distribution with a nedian of plus or

m nus 15 per cent and an upper bound of plus or mnus 30
per cent .

The | eft-hand graph shows a stress uncertainty
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bound from5, 10, 30 percent, and with 80 percent of yield
strength. This is the | ower bound of updated threshold
stress of 80 to 90 percent. |In TSPA-SR, as | nentioned
earlier, we used a 20 to 30 percent of yield strength as the
t hreshol d stress, about this line here. So what it shows is
that in SSPA, we need to have a deeper penetration before
stress corrosion cracking can initiate basically, you know, a
fewnore millinmeters of additional depth.

The right-hand graph is the stress uncertainty
profile for inner lid weld regions. \Wat you see here for
inner lid closure weld regions is that 80 per cent of yield
strength is about the bound of plus or m nus 30 per cent.

What is neans is for inner closure-lid welds, there is a very
smal | probability we have stress corrosion cracking. | wll
di scuss this further in terns of waste package perfornmance.

It has a significant inpact on waste package performance. So
only a very small nunber of waste packages have stress
corrosion cracking failure.

O her paraneters that we | ooked at and evaluated in
SSPA are repassivation potential in the slip dissolution
nodel . The update of this value is al so based on recent
Al'l oy 22 dat a.

The next one is orientation of manufacturing flaws.

We | ooked at additional literature data. Al so we used the

limted nmeasurenent data from TSPA- VA nockup, and we used
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additional testing to characterize flaws in closure-lid welds
of TSPA nockups. And based on this additional data, we
updated flaw orientation, and that updated nodel has

| ognormal distribution with a nedian of 1 percent, and then
plus or mnus 3 standard devi ati on bounds at 50 percent and
.02 percent. | wll show you the inpact of this updated
uncertainty on the waste package performance.

Now, nmoving on to early failure of waste packages.

In TSPA-SR, we did an extensive literature survey for
potential mechanisns for early failure. Al identified
mechani sms were screened out based on | ow probability
argunents, except weld flaws. Weld flawis used as input to
stress corrosion cracking nodelling. That was in the TSPA-SR
nodel .

We eval uated the information avail able for those
potential mechani sns and we identified that inproper heat
treatnment, nostly for induction annealing of closure-lid
wel ds, and that the probability of inproper heat treatnent is
estimated to be 2.23 times 10 to mnus 5. This information
is already docunented in project AVR tied to the early
failure of waste package AMR

This probability actually includes the
probabilities for non-detected equi prent mal functioning, also
non-reported operator errors. This information is actually

from the handbook
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For a total of 11,770 waste packages, and the waste
package nunber is fromthe TSPA docunent, we expect that the
expected nunber of inproperly heat treated waste packages is
.263. At this point, we used this as a nmean probability.
Then we applied a Poisson distribution to estimte the nunber
of waste packages in the repository. So this new analysis
i ndi cates that 20 out of 100 realizations have at |east one
wast e package affected by inproper heat treatnent. Three
real i zati ons have at |east two waste packages that failed
early. That is the status of inproper heat treatnent of
wast e package failure in SSPA

| want to point out, you know, kind of a
conservative assunption we used in SSPA with early waste

package failure. W assuned that affected waste packages,

one or two waste packages, fail imedi ately when corrosion
initiates. | think that later today, Mke WIson shows the
hi story of waste packages, with early failed waste packages.

And we assune that conservatively, weld regions of both the
outer and inner closure-lids fail inmediately, even though,
you know, inner closure-lid has sone distance there, we

assuned that for affected waste packages, both lids fai
i medi ately. Again, we are not taking credit for the
stainl ess steel inner shell.

Now | nove to the waste package performance

anal ysis to evaluate the effect of those quantified
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uncertainties. This is the TSPA waste package anal ysis
results. | want to spend a little tinme on this result.

In TSPA, we present the waste package anal ysis
result in summary statistics based on 100 realizations. And
this left-hand red curve is the upper bound. This is the 100
percentile curve. And this curve is the |lower bound. The
upper bound has extrenely | ow probability associated with
that. Wen you | ook at the upper bound, we are |ooking at
the extrenme of the extrene.

And then | also want to point out that the upper
bound has a very |l ow probability, and that usually that the
95th percentile curve represents a reasonably conservative
case. And for the TSPA-SR base case, the earliest possible
first breach tine, which is the extrene of the extrene, is
about 11,000 years, and the first breach tine of the 95th
percentile, which is reasonably conservative representation,
i s about 21,000 years.

This is the waste package analysis result for the
updat e nodel s, the stress corrosion cracking paraneters. The
bl ack curve is the TSPA-SR base case. And then the green
curve is for the case using updated residual stress bounds,
and the blue one is the case using updated flaw orientation,
and the red curve is the case using updated stress threshol d.

As you see, this case, you know, we perfornmed this

anal ysis by changing one paraneter at a tinme, keeping other
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paraneters the same as in the TSPA-SR nodel. By addi ng nore,
we i nproved the nodel. For each conponent, we have
i nprovenent on waste package performance. As | nentioned
earlier, with updated stress threshold, we have significant
i nprovenent of waste package perfornmance.

The next one is the effect of quantified

uncertainty in Alloy 22 general corrosion nodel paraneters.

Greg covered those paraneters in detail, so I'mnot going to
go into detail. But let ne junp to the waste package
results.

Again, this is the 95th percentile waste package
failure histories. And, again, this black curve is the TSPA
basel i ne nodel results, and this blue one is assumi ng the
case using 100 percent uncertainty in the total failures of
Alloy 22 corrosion rate. The red curve is the case using the
t enper at ur e- dependent general corrosion nodel .

As you see, the case with the tenperature-dependent
general corrosion nodel has a significant inpact on waste
package performance. Wiy? There's two things. One is in
the repository, nost of the tine, the packages stay at | ow
tenperatures. The tenperatures are decreasing with tinme
continuously. So the packages stay in high tenperature only
a very short tinme, and nost of the time in | ow tenperatures.

So with tine, the waste package general corrosion rate is

decreasing continuously. That gives nuch better performance
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of waste packages. The second thing is using this

t enper at ur e- dependent corrosi on nodel, we are nodel ling,
representing variability of tenporal spatial variability,
because the waste package tenperature is changing tenporally
and spatially in the repository.

This is a list of nodel conponents. They are
uncertainties that are updated and quantified in SSPA. W
al ready covered this one.

This is a conparison of the waste package
performance results using updated SSPA nodel and TSPA

results. This is the result using updated SSPA, and this is

t he TSPA base case. |'m show ng only upper bounds and 95th
percentile and nmean. As you recall, the waste package
performance using the updated stress threshold and

t enper at ur e- dependent Al l oy 22 general corrosion nodel, you
see that it is nore |ike additive, so that's why you see
here, the upper bound of the SSPA nodel has del ayed the first
breach tine to beyond 100, 000 years.

To summari ze ny presentation, new data and anal yses
have been devel oped to quantify the uncertainties in
corrosion nodel paraneters. Also, we inproved the technica
basis for the performance of waste packages. And, in SSPA,
we included the early waste package failure due to inproper
heat treatnent.

And as | nentioned several tinmes, waste package
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performance is significantly inproved fromthe updated stress
t hreshol d and tenperature-dependent Alloy 22 general
corrosion rate.

And then | want to point out we have significant
mar gi ns, safety margins, in the waste package performance in
t he TSPA- SR base case nodel

That's all | have.

SAGJES: Thank you very nuch. W may have sone
guestions here. And at this time, I'mthe first, and then we
have Dr. Craig and Dr. Bullen.

Let nme get started. | think that | would like to
see, since you're standing, but | have sone questions for Dr.
Gdowski, | would like to understand a little bit nore about
t he i nproper heat treatnment issue, because | understand how
you may have a faulty weld, and | understand that you may
have a failure to detect a flawin a weld, but what is the
meani ng of inproper heat treatnent? Are those defects caused
by inproper heat treatnent, or are those defects, think there
were pre-existing that the heat treatnent didn't quite

elimnate?

LEE: That the technical basis for this one is not
really related to defects. It's nore like in doing the heat
treatnment, for exanple induction annealing, that there could

be a probability that we could have heated that closure weld

to a higher tenperature than it's supposed to be, or we can
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heat the weld longer than it's supposed to be. That, as Geg
presented in his aging and phase instability issue, that
coul d cause substantial aging problens. So the aged Alloy 22
can | ose constraints and corrosion resistance. So we assuned
t hose, the packages could fail inmediately when corrosion
initiates. |It's a conservative assunption, yes.

SAGUES: Ckay. So the heat treatnment itself introduces
t he probl enf?

LEE: Right.

SAGUES: Ckay, very good. Thank you.

The ot her question | had was on Slide Nunber 16.
Okay. And |I'mconcentrating right now on the green curve
whi ch woul d be the TSPA-SR nean. R ght? |Is that correct?

LEE: Yes.

SAGJES: And the corresponding curve in SSPA woul d be
the right-nost curve over there.

LEE: Right.

SAGJES: That is about an order of nmagnitude inprovenent
fromone to the other

LEE: Unh- huh.

SAGUES: Can you tell how much of that inprovement is
due to the assunption of tenperature variability of uniform
corrosion rates, and how nuch is due to better behavior in
resi sting corrosion cracking?

LEE:  Okay.
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SAGUES: Because those are the two main factors that
cause the shift. |Is that right?

LEE: Yes, the information is there. Wuld you put
Slide 12 up? For update to the stress threshold, if you | ook
at, and this is the 95th percentile case, by the way, the
first breach tinme in the TSPA-SR nodel is about 20,000 years.

And then for SSPA, using the stress threshold, it's about
40,000 years. So in terns of the first breach tinme, it gives
about an additional 20,000 years.

SAGJES: Ckay. So that's a factor of about three
changes, about a half an order of nagnitude?

LEE: R ght. R ght. Wuld you go to the next one
pl ease? Slide 14, okay. Now, the effect of--inproved the
t enper at ur e- dependent general corrosion nodel is about 50,000
years. So, we are |ooking at 30 to 40 additional tine. So,
to inmprove the stress threshold, we are | ooking at 20, 000
addi ti onal years, and about 40,000 additional years. |[If you
conbine this, about 60 to 70 additional years. |If you add
that to the base case, we are | ooking at about 100,000 years
additional tine.

SAGJES: Ckay. So then the tenperature dependence
change seens to account for somewhat nore than the stress
corrosion cracking.

LEE: Yes, that's correct.

SAGJES: But not like one is ten tines greater than the



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

195

ot her, and so on.

LEE: It in fact has a nultiple effect, because with a
sl ow general corrosion rate, it will have nore tinme for
stress corrosion cracking initiation. |t gives additional

time. But once we reach that, we have a high threshold
stress, so kind of a conbination of both.
SAGJES: Ckay, very good. | have one nore question for

Dr. Lee, and | have a couple of questions for Dr. Gdowski .
If we go to Nunmber 5 in your presentation, | just

wanted to point out sonething to nake sure that we al

under stand what we're tal king about. And you presented

i nformati on which represents a very |ong experinent here,

it's a couple of nonths, or three nonths |ong kind of

exposure, and so on, and you obtai ned an inportant piece of

information, that after 2,300 hours, there is no

deterioration propagati ng under those conditions, and so on.
Now, just to underscore the nature of the

extrapol ations that we're tal king about, you have there about

1 neter graph fromzero to the 2,500, or so. If we go to
10, 000 years, that graph--1 made a quick calculation here--it
woul d take us about sone 30 miles in that direction--mybe a

hundred mles, or sonething like that, but seriously, as an
engi neer and not a scientist, what can you say about applying
this kind of information to 10,000 years tine frame?

LEE: M professional judgnent is that--Geg and Jerry



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

196

Gordon are over there. They can, you know, add sonme nore.

But the one main reason we are | ooking into passive stability
is exactly that reason. W want to do a better handle on the
long-termstability of passive filmin nore |ike a

mechani stic determnistic nodelling, using the known science
and principles. And then our nodel is not that mature yet.
It's ongoing. So once we have that nodel fully devel oped for
use as a long-term prediction, then we can conbi ne that
nodelling with a--testing data, we conbine that, we should be
able to present nore convincing--1 understand that that is

the issue in here, you know, |ong-term predictions.

So, | don't knowif Jerry or Geg wants to add sone
nor e
GORDON:  If you look at the yield stress line on there,
and you go down to 80 to 90 percent of that, there's quite a

spread between the actual data and the 80 to 90 percent.

In addition, if you remenber the crack growt h data
where you deliberately initiate a stress corrosion crack, you
essentially have to keep cycling it at a high stress
intensity to keep it growing. And as soon as you go to a
static load, the crack tends over tine to turn off, and the
wast e package is probably as static a stress state as you can
get. So it's really that conbination that gives us
confidence in raising the threshold.

SAGUES: Ckay, very good. Quickly, | would like to ask
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a couple of questions for Dr. Gdowski, if | may.

One of the things I wanted to ask you was about the
net al | urgi cal devel opnents after long terns of annealing at
| ow tenperatures in Alloy 22. And you showed a coupl e of
transparencies on that, and | think that we can go to, for
exanpl e, Number 6 in your presentation.

And, again, here we have another issue of extrenely
| ong-term extrapol ation. They devel oped there in a few
weeks, a couple of nonths, kind of information, and what you
are doing there is what all of us do in our respective--we
just slap an Arrhenius relationship on that, and we

extrapol ate that, and we can estinmate an activati on energy,

and so on and so on. But as you know very well, that
involves a string of assunptions, and one of themis, okay,
we're going to have first of all one activation state. [If we
have another activation state at the | ower |evel, that may

not kick in until later, and you end up with different--and
t hen you can get even nore fundanmental, you know, nost of
t hese things assune--usually the distribution or some such
assunption. So there is a |lot of baggage behind just taking
that line and feeding it to sonme kind of an Arrhenius
rel ati onshi p.

How critical of an approach has been taken in--
t hrough the process that | eads you to drawing that |ine?

GDOWNBKI:  This is prelimnary data. | agree with you.
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What we have instituted is both a | ong-term agi ng study
simlar to what we have for the base nmetal, so that we're
going to do it at much |onger tines, and over a range of
tenperatures also. And we've also instituted a nodelling
programsimlar to what we have done for the base netal

where we're trying to understand segregation that occurs in
the wel ds, and the phase instabilities in that region, trying
to nodel on a nolecular level, if you will, what is going on
in the welds to give us confidence in this extrapol ation.
Very simlar to what we did for the base netal.

SAGUES: And that's work that is in progress?

GDOWNBKI:  It's in progress right now, yes.

SAGUES: And how long do you think it's going to take to
continue with that work, and to get it to the point where if
ot her nmenbers of the technical comunity or the public would
ask the sane question, say, a few nonths fromnow or a couple
of years from now, how close would you be to answering that
guestion at that tinme?

GDONSKI: | think we'll gain nore confidence as tine
goes on. (Obviously, as we go to longer and | onger tines, we

can decrease the anount of extrapol ation that we have to do.

| think one thing that we do know is based on sone
of the natural anal ogues, |ike the Josephinite, where we had
hi gh tenperature netastabl e phases that have been, for

hundreds of mllions of years at |ow tenperatures, and we
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don't see these sort of phase instabilities occurring under
t hose conditions, even though after they were formed, they
were at high tenperatures for extrenely long tinmes, hundreds
to thousands of years.

SAGUES: And they're still there?

GDOWBKI:  And they're still there, yes.

SAGUES: Very good. Thank you very much. And in the
interest of tinme, I will hand it to Paul Craig.

CRAIG (Ckay. Paul Craig, Board.

Al berto has gone in a direction | really wanted to
go in to sone extent, having to do with fundanental
mechani sms. It's ny personal belief that if you're going to
extrapol ate over three or four orders of magnitude, to do so
wi thout a very strong fundamental mechanismis sinply not
convincing. That's not a direction, however, | want to
expl ore right now
Greg noted that | ocalized corrosion is now

beginning to play a role. And in preparation for comng to
this nmeeting, | read the nost recent material that | have,
which is apparently not the nost relevant material because
t hings change. | referred to sonmething called SSPA, the
Suppl enental Sci ence and Performance Anal ysis, dated June
2001, which seens fairly recent, and so nmy question is based
on that, even though | now realize that it's out of date.

In that volume, and in the Supplenent Draft
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Environnental |npact Statenent, we |earned that the peak dose
in the first 10,000 years is zero, precisely zero, with no
uncertainty bounds. That apparently has now changed a little
bit. But as of June 2001, it was correct, according to that
docunent .

So I went into the docunent to try to understand
the kinds of things that are driving that conclusion, and |
| ooked in particular at |ocalized corrosion assunptions.

Now, a really inportant point is that if you have sonethi ng
that's 2 centineters thick and the corrosion rate is 1 mcro
per year, that material wll do fine for 10,000 years. But
if the corrosion rate is increased by only a factor of two,
to 2 mcrons per year, then it will not do so well. So
factors of two really do matter. |If they happen to be in the
exponent as in an activation analysis, they matter nore. But
these are sinply straightforward factors of two.

So I went into Page 7-7 of the docunent | just
referred to, the SSPA, where |I |ook at Alloy 22 |ocalized
corrosion rates in G 22, and what | discovered is that for G
22, alog uniformdistribution of rates is assuned. And for
titanium a uniformrate distribution is assunmed. Wich
i medi ately | eaves one to wonder why is one distribution |og
uniformand the other is uniform and what is the theoreti cal
justification for that.

But that's not the point that I want to ask about.
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The point that | want to ask about, and we can't do
everything now, the point that | actually do want to focus on
is the end point. And for the C 22, the end point--renenber,
this is a rectangul ar distribution, which has a very well
defined | ower and upper bound--the upper end is given as
1.27. For titanium the upper bound is given as 1.12.

That's three significant figures by way of thinking. So this
is a distribution that marches al ong, and then absol utely
cuts off.

Now, what | fail to understand--and, renmenber, that
this is in a region where a factor of two can make the
di fference between working extrenely well and failing
conpletely. So, if | take that 1.27 and | nultiply it by
two, I"'mup to 2.54. And if we think about this in ternms of
m crons per year, that takes us from a region, which happens
not to be the units here, but never mnd that, that takes us
froma region where it work, to a region where it doesn't
wor K.

So, the area that | want to get at here is that the
concl usions that you are drawi ng are enornously influenced by
assunptions about the nature of the distribution and by the
fact that you have an extrenely sharp cutoff when you use a
uniformdistribution, and you give us every reason to believe
that you believe that you know those cutoff points, one,

exi st and, two, that you know the three significant figures.
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And | look at all of that and | say this is sinply
not convincing. Now, why aml| wong? Wy should | be
convi nced?

LEE: Let nme try to respond briefly, and then I'Il hand
it to sonmeone over there, Geg or Pasu.

The first thing is--the first thing about what
about the corrosion is a factor of two higher or a factor of
two lower. That's exactly why we are doing the--in WAPDEG
W try to capture those uncertain ranges, if you will, for
corrosion rate. That's why presenting the waste package

result--this I"mnot sure is an answer, but the second one,
how do | put that--1'"mnot the author of that AMR you know,
so | cannot speak very well for him but Joe Farner is no

| onger with the project. But ny understanding, and Pasu or
Jerry can add later, that rate, if you | ook at the reference,
the rate, actually the rate is from highly, highly--he,

don't know, he tried to capture or include all the data

available in the world for Alloy 22.

Now, going back to nore realistic Yucca Muntain
conditions, | think we have to |l ook at the rate distribution
again to be nore representative of conditions we have.

That's ny short answer. But Pasu or Jerry or--
CRAIG But clearly to the extent that | ocal corrosion
never cuts in in the nodel, the point that I'mraising is

irrel evant. But on the other hand, if localized corrosion
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does begin to appear, then the question does becone nore
relevant. | sinply picked out |ocalized corrosion because
the handl e, as an exanple, even though it wasn't included in
that particular nodel, as | understand it, say the June 2001
CD that | was |ooking at, nowit is included, but the sane
kind of question can just as well be asked with respect to
ot her types of corrosion.

If you' re going to have a rectangul ar distribution
with a well defined end point, that is going to heavily
i nfluence the conclusions that you draw. And you seemto be
enor nously confident about these end points, as given by the
three significant figures that are presented there. And it's
this general treatment of uncertainty issue that I'mtrying
to get at. There's many pl aces where the sane kind of
probl em ari ses.

LEE: Another point | want to point out is that Yucca
Mountain, | said that the repository in |ight of--what I
meant by saying that is is that in the Yucca Muntain
condition, we have potentially beneficial anions, |ike
carbonate, potentially beneficial anions in the water,
carbonates such as sulfate and nitrate. Those rates,

according to the table of the AVMR does not--not representing

that kind of--1 think Geg can speak to it better than ne.
But the issue related to localized corrosion, | think Geg
and others are also |ooking at further--if that happens, what
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is the consequence, nostly the effect of the presence of
beneficial anions. That is not done conpletely.

CRAIG So you're telling me that you're giving ne three
significant figures, but the area is not relevant to Yucca
Mountain, is that right, because the environnent is
conpletely different?

LEE: Right.

SAGJES: Ckay, |'mgoing to go ahead and let Dr. Bullen-

CRAIG Geg, maybe you can explain this to ne later on.
BULLEN:. Bul |l en, Board.

Actually, 1 just have a couple questions, because
ny esteem col | eagues covered a lot of this stuff that | was
interested in.

l"d like to go first to Joon's Figure 16. And
maybe this is a precursor to a question that will be answered
this afternoon. But yesterday afternoon, we saw Peter
Swift's presentation about the new dose cal cul ati ons, and |
asked a question if you' d reached the peak yet. And if you
take a l ook at that far right curve on Figure 16, you'll see
that we're tal king about the SSPA nean for the failure
di stribution of the waste packages. And so if you carry that
extrapol ation out, I'"massunmng that it's going to | ook sort
of simlar to the shape of the curve for the TSPA nean, so

we're going to end up with about 100 percent of the waste
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packages failed in a couple of mllion years, ballpark
nunber ?

LEE: Yeah.

BULLEN: So, will that type of extrapolation be done to
make a | ook at a peak dose? And maybe |'m | ooking at Bob
Andrews now, and | probably should ask maybe M ke Wl son this
afternoon as a nore appropriate one. | know you cut it off
at a mllion years, but it |looks to ne |ike only about 62 1/2
percent of the waste packages have failed by the tine you got
done. So if you wanted to | ook at peak dose, wouldn't you
want to carry that all the way out?

And Bob is shaking his head yes. Do you want to go
on the record and say that that would be what you would do?
Not that you're prom sing to do anything nore by, you know,
the day after tonmorrow or anything. But it just seens to ne
that that's the answer to the question | asked yesterday. Am
| m ssing sonething?

ANDREWS: No, you're not missing anything. You're
right. It was unclear fromthe previous figure whether you
woul d actually achieve the peak at a mllion years.

BULLEN: ri ght.

ANDREWS:  So you woul d want to confirm whether that was
t he peak, or whether the peak was sonewhere out at two
mllion years or seven mllion years, or whatever.

BULLEN: And | guess the question |I'masking here is is
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there anything else that I'mmssing here? It |ooks Iike the
wast e package is what's driving the peak that far out, and so
t hat you woul d expect that distribution to be shifted because
of the waste package perfornance.

ANDREWS: That's correct.

BULLEN: That's good. Now, I'll defer to other
guestions later, but I'd like to go to G eg Gdowski's Nunber
11 slide. These are the data from Scully at the University
of Virginia.

GDOWSKI :  That's correct.

BULLEN:. And | notice, you know, you always have to
explain the outliers, and the outlier there, you know, | ooks

kind of significant if you want to take a | ook at a

t enper at ure dependency, because if you | ook at those inverted
triangles and included the outlier, you get a significantly
different slope, which is a different activation energy,

whi ch gives you a nmuch greater tenperature effect. 1s that
not true?

GDOWSKI :  That is true.

BULLEN: So you're being conservative here by throw ng
the outlier out by saying that the tenperature effect is
actually sonewhat less; is that right?

GDOWBKI :  That's right. You would have a higher rate at
hi gher tenperatures, but the rate at |ower tenperatures would

be decreased significantly.
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BULLEN: Right. And so | guess the other question that
| have is that it looks like it's quite a w de range of
conditions. | nean, besides the factor of ten in the
buffering of the lithiumchloride solution, you also have the
pH range of 2.75 to 7.75?

GDOWSKI :  That's correct.

BULLEN. If you maybe unfold the data, do you see sone
buffering effects? Do you see sone pH effects? And the
reason |'masking this question is that, as Al berto pointed
out, these data sort of make a significant reason for a shift
of , you know, a half an order of magnitude, or so, in the
performance of the waste packages. So | just wondered if
there's further work being done, and will we see, you know,
nore results, and if so, when and what do you expect to see?

GDOWSKI :  Further work is being done. | don't know if
there was any trend in the data with pH or with the sulfate
and chloride ratio. |It's sonmething that we plan on
i nvestigating nore thoroughly, |ooking at both nitrate and
sulfate and their inhibiting effect on the corrosion process,
and doing that potentially of cyclic polarization type
testing for that very reason, to see what sort of quantity of
sul fate and chloride we need to bring about an inhibiting
effect. Those tests are ongoing. | don't know if we had
enough information fromthere to nmake conclusive statenents

about that with this data at this tine.
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BULLEN: Thank you. | guess the only other point 1'd
like to make before | close is that | amvery interested in
that outlier, and also the fact that there nmay be a nore
significant tenperature effect than you' re currently taking
credit for, which nmeans hot is worse than cold, | guess is
the bottom|line statenent.

GDOWBKI :  Qutlier is of interest to us all, so we're
trying to understand why it's there.

LEE: My | add one nore? W are very certain this is
outlier because, you know, if we use this, as you nentioned,
we have slopes |ike this.

BULLEN: Ri ght.

LEE: If we extrapolate the slope to higher tenperature,

we have like a corrosion rate of, you know, corresponding to

carbon steel. W knowthat Alloy 22 is not |ike carbon
steel. |If that is |ower tenperature, we have a sudden--in
the corrosion rate. So we know that this is actually the

outlier.
BULLEN: Bul |l en, Board.
| guess you're right about those extrapol ations.
But the thing that I'minterested inis there a different

mechanismthat's kicking in, and does it really have an
effect that occurs somewhere around the boiling point? And
if you've got that kind of happening, | nean not that it

turns into carbon steel and al ka sel zer and goes away real



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

209

qui ckly. But there really may be a significant tenperature
effect. And if there is a significant tenperature effect, it
woul d be nice to know that, you know, you're a whole |ot
better off at 80 degrees C than you are at 95 degrees C.

GDOWBKI : And one of the things that we're also doing is
doi ng autocl ave studies so that we can extend it much above
the boiling point, so that we can see that tenperature effect
t hat you're tal king about.

BULLEN: Thank you.

SAGUES: W still have a bit of interest. Sone other
Board nmenbers, Christensen, would like also to ask a
guestion. W also had a question froma nenber of the
audi ence, and |I'm sure--but unfortunately, we do have a
schedul e that we have to adhere to. So | wll thank the
presenters very nuch, and go ahead for the next presentation,
which is by Pat Brady on waste form process conponents.

BRADY: Al right, 1'"mgoing to spend about the next 20
m nut es describing the waste form process conponents. This
represents work that was done under the direction of
Christine Stockman. You're going to see sone overl aps,

t hough, with the EBS conponents that Bob MacKi nnon tal ked
about yesterday.

VWhat I'lIl do is I'lIl provide an overview of the
various cal culations that we performin the waste form group

and then 1'll focus on the unquantified uncertainties that we
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spent a great deal of effort on in the past four nonths.
These are the in-package chem stry cal cul ation
Specifically, the way that we estinmate the range of pHis
likely to exist inside the breached waste form [|'I]
descri be new nodels for predicting the dissolved | evels of
Nept uni um and Plutoniumin those fl uids.

"1l briefly touch on EBS cal cul ations for in-
package transport. In particular, 1'll outline the new nodel

descri bi ng i n-package diffusion, and our treatnent of in-

package sorption. |1'll show you sonme updated cl addi ng
calculations. [I'Il summarize it all by considering the | ow
tenperature inplications, and there's sonme special tw sts

that affect waste formthat don't affect the others there.

And then I'Il conclude by tal king about other |ines of
evi dence.
| should point out this represents work done by a
| ot of people other than nyself. Yueting Chen, Eric Siegnan,
Paul Donski, M ke Gross and Jim Schri eber.

Now, there's five primary cal cul ations that we
perform The first one is the in-package chem stry
cal culation. Now, what we do is we consider a breached waste
package as a constant volume reactor. That is, we take a
seepage flux, put it into a waste package, react it with the
conponents inside, steel, glass, fuels, and what have you,

and them have it drop out, have the water go out.
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| should point out right here that we're
considering breach after the thermal pul se has passed. CQur
cal cul ati ons begin by assum ng we were tal king about 20,000
to 40,000 years after the repository was closed. That's
changed sonmewhat, as Joon Lee nentioned early on. But for
the first part, we're tal king about | ow tenperatures.

There are a lot of uncertainties that go into this
calculation. First of all, the absolute volune of seepage
going in is not sonething we can identify within an order of
magni tude, so we use a range from15 liters per year per
wast e package, down to .15 liters per year. W use a range
of clad exposures fromthe clad being 1 percent exposed, to
100 percent exposed. W fix the partial pressure of oxygen
equal to the anbient atnospheric. W fix the partial

pressure of CO2 to ten to the negative 3.0.

One of our other primary inputs is the
t her nodynam ¢ dat abase out of Livernore, which I'Il talk
about in greater detail down the road.

So we put in our inputs. In addition to this, our
i nputs are degradation rates of the steels and the fuels. W
put these into the reaction path nodel, and our ultinmate
objective is to calculate a pH as a function of tinme inside
t he waste package.

Now, once we do that, we want to be able to map

onto that trajectory the dissolved concentrations of
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neptuni um plutonium uranium technetium and ot her
radi onucl i des of interest.

So while we do this calculation, there are
i ndependent cal cul ati ons being done to establish what these
surfaces look like. In particular, we use EQ@, an
equi li brium speciation code, to devel op a pH dependent
solubility curve for each of these things. Note that nost of
the solubility limting phases for nost of these are oxides,
whose stability depends on pH So we take those functions,
map themonto these pH trajectories to estimte absol ute
| evel s of these over tine.

Now, the EBS peopl e are doing another cal cul ations
where they estimate the inpact of in-package sorption. Note
that when we try to get a handl e and conprehend what the
absolute levels of these things are in the waste package,
there will be both dissolution and re-precipitation, which we
account for here. But natural systens are often affected by
sorption as well. To assess the inpact of sorption in our
system we have to estinmate the nmasses of sorbing phases and
their affinity for these specific radi onuclides.

There's an in-package diffusion calculation Il
talk about in a bit. Cdad integrity is calculated in
parallel with a sem -independent nodel

Let me show you first of all what one of these pH

trajectories looks like. |[If you |look at the boxes here, this
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is one of our base cases for a commercial spent nucl ear fuel
run. We start off using J-13, and the pH inside the waste
formstarts up at an optimumlevel, and then it drops, gets
down below a pH of 5 at around 200 years. This is due to the
di ssolution of the A516 steel, in particular, due to the
oxi dation of the sulfur conponent.
Once that is exhausted and the steel is gone, pHs
start to clinb again due to the influx of J-13 water.
There's another drop out around, let's see, 20,000, 30,000
years, and that's due to a |longer term expression of 316
stainless steel dissolving. |In particular, it's the
oxi dation of the chrome in the steel, the accunul ati on of
chromate in the waste package fluids that causes this pit.
Now, one of the first uncertainties that we' ve had
to consider is, well, what is the conposition of the seepage?
The upshot here is that the conposition within certain
bounds does not matter a great deal. W've used J-13 here.
We've used J-13 that's been evaporated up here. W' ve used
wat er fromunsaturated zone waters, and what you see is after
just a few years, the waters all take on the sane signature.
In other words, these waters becone intimtely inpacted by
t he dissolution of the waste package conponents. So, this is
one we crossed off our list of uncertainties that we have to
quantify.

Let nme make one final point on this slide. W have



© 00 N oo o B~ w N P

N N N R R R R R R R R R
N B O © O N O O M W N B O

23

214

several types of waste packages that we have to consider at
the site. Mst of themare going to be comercial spent

nucl ear fuel. There's going to be a fraction that also
contain glass. The high-level waste glass has a profound

i npact upon the pH trajectories. Wen you dissolve gl ass,
pHs go al kaline fairly quickly, fairly quickly in a geol ogic
sense.

This is what the co-di sposal package trajectories
| ook I'ike. There's the initial pitting, the initial drop in
pH, followed by a rise to pH 8 and 9, sonetines higher. And
that junp right there cones directly fromthe dissolution of
t he gl ass.

| should point out that when we | ook at the co-

di sposal packages, there's lots of them we've used the fast
flux test facility and the Ferm fuel as our co-disposals.

Well, the primary uncertainties we see in the in-
package chem stry cal cul ati on are the degradation rates of
the steels. Wat |'ve shown here in this somewhat confusing
slide is that when we vary the steel degradation rates, we
can nove the trajectories back and forth.

Now, at the insistence of the NRC, we've done a
nunber of sensitivity cal cul ati ons where we' ve changed the

degradation rates, we've varied the fluid flowrates to see

24 just how robust is this pHrange that we seemto reside in,

25

about 4 to 8 for the commercial spent nuclear fuel, and
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around 4 to 10 for the co-disposal. And what you'll see in
the next slide is the results of the sensitivity test.

The point of this slide is to show that failure
anal ysis has allowed us to nake sone inprovenents fromthe
S&ER results. Specifically, if we |ook at single
trajectories, we can split theminto fairly precise regions
of pH behavior, and these we can abstract out for feeding
into the TSPA.

kay, these are our sensitivity runs. One of the
concerns that we've had to consider is what happens with
fluids that conme into the waste package and only interact
with--well, they don't interact wwth everything. W do the
calculation by, in effect, taking the whol e waste package,
grinding it up and titrating it into water, or rather putting
water into it, honbgeneous waste package.

We mi ght expect that in real life, water is going
to see very unique pathways, and so we did sensitivity
cal cul ati ons where we woul d renove one conponent and see how
it changes the pH trajectory. The upshot of this slide is
that the only real deviations that we get from our norma
range, the only big excursions occur when we pull the 516
steel out, or when we pull out the glass. That's one of
these that's going up here. dass free; 516 free. Those are
the two that really are the only outliers.

So that's sort of the snapshot of the in-package
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chem stry cal cul ati on and what we feel the bounds are. Now,
remenber that once we have the pH trajectories, we want to
map on solubility functions.

This shows the original treatnment of neptunium
di ssol ved concentrations. It was based on the solubility of
Np 205. Note that this would, if we use that line to predict
t he amount of neptuniumin solution in the waste package, we
woul d have sone very high levels. Note also that those high
| evel s are al nost never seen when we do, for exanple, drip

tests, or tested at PNL or drip tests at Argonne.

So, what we've done to establish a new function, is
we have | ooked--we've tried to get a nore nechanistic basis
on the neptunium di ssol ved concentration estimte, and we
rely on the observation that neptunium seens to be rel eased
fromthe uraneal phases stoichionetrically with uraneal. In
ot her words, there's a one to one correlation, or rather, the
amount of neptuniumthat cones off is directly proportionate
to the anbunt of neptuniumin the solid phase.

So, we can take a solid solution nodel for
neptuniumin the uraneal phases and we conme up with this line
right here. Specifically, this line is calculated fromthe
neptunium |l evel s that we can predict with origin, constrained
by the uraniumrel ease dictated by schoepitesolubilities.
Schoepitesolubility is pH dependent, hence, this line is

al so.
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The green bands represent the three sigm
uncertainty. These dots right here, I should point out, were
not--this nodel wasn't calibrated with these dots. These
dots are Argonne National Laboratory drip tests.

So, the upshot here is we've got, when we go from
the Np 205 nodel to the solid solution nodel, we have a | ower
mean, but we have--the nechanistic explanation is better.
We're hoping to inprove this as we're still doing

experinments.

For plutonium this was the range that we had in
the S&ER. \What you see up here are--well, this is the new
expressi on we have, the new mappi ng device for plutonium

And it comes fromletting the dissolved plutoniumlevels be
set by two phases at two redox states. W consider--well,

this line like here, if you |look at the dots underneath the

line, that is the solubility of PuOH4 anorphous at anbi ent
2.

Now, inside the waste package with all of the--it's
going to be surrounded by steels that are corroding, and we

m ght have pooling water. W m ght expect to have | ower
redox states. and this right here is PuOH4. PUO#4 is |ess
sol ubl e under Iower FQ2s. This is PuO#4 at--its solubility
is a function of pH-this is 40 log units |ower than anbient.
That's kind of a ballpark fromlooking at natural waters

that we cone up wth.
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This line right here is PuO2 crystalline, the
solubility calculated as a function of pH at anbient FQ2.
This is at the lower FO2. Again, the nore crystalline PUXR2
has | ower values than the | ess crystalline one.

So, our nodel now we considered an i nprovenment over
t he ot her one because we can link this Iine right here to
specific mneral species. These dots in here, this clunp
right here, are values fromthe PNL batch tests. These over
here, those are plutoniumconcentrations neasured at the
Argonne drip test.

We're al so doing work with John Haschke on | ooki ng
at the stability of plutonium super-oxide as well.

Al right, I"'mrunning out of time, so I'll nake
t hese next ones fairly fast. The in-package transport
calculation was briefly described yesterday by Bob MacKi nnon.

This involves estimating the anount of water that's sorbed
on the breakdown products inside the waste package. You
estimate effective diffusion coefficients using Archie' s Law,
and cal cul ate di ffusion fluxes through various paths of the
wast e package. According to Bob, these things--diffusion
out side of the waste package can del ay rel ease by roughly a
coupl e thousand years.

Al'l right, this one |I've had nore contact wth.
Things like uranium their transport in the environnment is

typically limted by dissolution and re-precipitation. Trace
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el ements, their transport tends to be controlled by sorption.

Now, inside the waste package, there's no shortage of
sor bi ng phases. There's been 15 and 21,000 kil ogranms of iron
oxi de and iron oxyhydroxi des per waste package. There's also
about 10 kil ograns of copper.

The reason | nention this is that the Kd's for the
sorption coefficient for things |ike neptuniumand pl utonium
-well, they're very high on iron oxides. Copper oxides and
copper sulfides are one of the few mnerals that have a
pronounced tendency to sorb iodide and pertechnetate. They
have hi gh ani on exchange capacities, and the Kd's for iodide
and pertechnetate on copper oxides and copper sulfides go

anywhere from 100 to 3, 000.

The Kd's for neptunium sorption onto the iron
oxides, as | recall, it's sonmewhere between 5 and 500.
Mul tiply that by at |east a factor of ten, and you have the

Kd's for plutoniumon the sane phases.

M ke WIlson is going to tal k about the inpact that
this has on repository performance later on this afternoon.

The cal culation of clad integrity is a function of
time. The two nost inportant ones here are the second one
and the second to | ast one. The distributions have been
changed on the creep and stress corrosion cracking
perforation froma triangular function described by those

paraneters, to a uniformone described by those.
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In a nutshell, what happened was we went from a
rate derived fromun-irradi ated cladding to one derived from
irradi ated cl addi ng.

Rock overburden failure, this was left out early
on. Now, there's a function that gets rock overburden
failure, which is proportional to waste package corrosion.

kay, |'ve got two slides left here. Low
tenperature inplications. As | said before, our calcul ations
were done at | ow tenperature because we were dealing with
post-thermal pulse efforts. Now we're starting to worry
about early failures, and so we're considering what happens
with this whole infrastructure once you go up tenperature.
This is exactly opposite what everybody el se is doing. They
start at high tenperature and went down. W' re going the
other way. And we're only about knee deep into this right
now, but there are a nunber of sem -qualitative evidences
t hat suggest that the effect of tenperature is not going to
be that profound for us.

First of all, a nunber of the radionuclides we care
about have retrograde solubilities. Surfeit is one of them
and since the neptunium concentrations are |linked to surfeit,
it ends up with a retrograde solubility. W're doing
experinments to test that, though.

Hi gher tenperatures have |l ower gas solubilities.

In other words, all other things being equal, a high
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tenperature fluid has | ess oxygen and | ess carbonate. That
tends to stabilize a nunber of the radionuclides.

The corrosion rates, Joon and G eg tal ked about
earlier, I'mnot going to get into that here.

Tenperature affects the in-package diffusion
cal culation by affecting the condensation of water, as well
as the calculation of the effective diffusion coefficient.

| n- package sorption is--well, there just aren't a
whol e | ot of experinents that have been done | ooking at the
effect of tenperature on sorption. Those that have been done
suggest that sorption increases as you go up tenperature.

Cl addi ng, according to Eric Siegman, who is the man
in charge here, anything bel ow 350 degrees keeps us where we
want to be. There is a weak tenperature dependence inside of
the clad unzipping rate. | think it's linked to the spent
fuel oxidation

The other |ines of evidence. W have lots of them

| should point out, though, that our other |ines of
evi dence, in the in-package chem stry cal cul ati on, our other
I ines of evidence are used to support the rate | aws we used,
our primary inputs, the thernodynam c dat a.

The gl ass degradation rates, we've used a range,
and we've considered high values neasured in the lab, to very
| ow val ues neasured in the field. Geologically, we tend to

observe glass in the field, the rates drop over tine. The



222

| onger you neasure them the |ower they get, and we get
t hese--this picture cones fromlooking at the rate that
silica conmes off of volcanic glass on volcanic edifices, and
what have you

Steel degradation, this is again Joon and G eg
covered this earlier. Thernodynam c data, since a |ot of
this--this is somewhat indirect evidence. But to the extent
that many of our |ow tenperature thernodynam c data cone from
solubility nmeasurenents, or experinental neasurenents,
there's sone | guess you could call it another |ine of
evi dence. A nore persuasive and conpel ling one m ght be the
other lines of evidence that we can marshal for neptunium and
pl utonium and we have--1 showed you the drip test and the

nept uni um concentrati on.

In the neptunium slide and the plutonium slide,
t hose val ues were not used to calibrate the nodel, but they
were instead found to be consistent with the nodel.

O her lines of evidence for in-package sorption.
Well, the sorption Kd's that we have canme from conpil ations
of sorption neasured in the field, and neasured at hazardous

waste sites, mne sites and what have you.

| should point out, though, that one of the things
we're | ooking at is sonething that pops out of the other
Iines of evidence is when you do sequential extractions, for

exanpl e on bonb pulse plutoniumin soils, you find that a | ot
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of it isirreversibly sorbed. That is, it will not--
according to a Kd nodel, which tends to--what it says is that
as we nove towards nore reliance on these things, we're going
to see that sonme of these things stay nore put than we m ght
ot herwi se predict.

Cl adding. Eric Siegnman assures ne there's an
extensive experinental literature attesting to the features
of his nodel.

Now, to summarize, I'll hit the highlights here.
What we' ve done in the past four nonths is we've cone up with
a better understanding of the coupled features that control

t he bound of pHs in the in-package chem stry nodel. W have

a new neptuni um secondary phase nodel. W' ve got a nore
anatom cally correct plutoniumnodel. W' ve updated the clad
nodel .

W' ve cal cul ated i n-package diffusion for the very
first tinme, and we have started to explicitly include

sorption in the in-package chem stry in EBS.

Wth that, I'Il close.
SAGJES: Thank you very nuch. W have a question from
Dr. Bullen
BULLEN: Bul |l en, Board.
Actually, 1've got about three questions. But if
we could go back to, say, Slide 4, I kind of wanted to get a
better understanding of what |I'm | ooking at here. As | see
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the dip in pH, you nentioned that it's driven by the fact
that the A516 is the buffering agent, or the agent that
drives it domm. So is it correct to assune that it takes
like 40 or 50 years and all the A516 washed out of the waste
package? |Is that what |'m | ooking at?

BRADY: It's a couple hundred.

BULLEN: Coupl e hundred?

BRADY: Yeah. We start off using--to be conservative,
we use very high rates.

BULLEN. Ckay. So, it's a couple hundred years. Then,
| guess if | go to Slide 5 which is the next one, there's
kind of a band there that |ooks like it's sonewhere between--
you know, starting to see the washout at about, | don't know,
50 years going up to 200 years, in that range?

BRADY: It's right there, yeah.

BULLEN: Ckay. So, does that apply that it would be
better if there was nore A516 in the package? More sorption
on the ion oxyhydroxides and all that stuff, is that the
i ndi cation that you can draw?

BRADY: No, | wouldn't--let nme pause to try to
under stand what you're saying. GCkay. So, the--

BULLEN: | guess, I'mjust trying to understand why the
pH changes; pH changes because the iron goes away, right?

BRADY: Yes.

BULLEN: Ckay. So, if there was nore iron, it would
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take | onger for the pHto cone back up or--

BRADY: Let nme back up here. ay. The pH gets driven
down here because the A516 is punping sulfuric acid in. It
gets to that point, it's all gone.

BULLEN: Okay.

BRADY: And, it gets diluted as you go back up. So,
don't know if I've answered your question.

BULLEN: Ckay. Well, | guess, that |leads into the next
questi on because what are the uncertainty bands on this or
does that represent the uncertainty bands as you go from pH4
to pH3? That's kind of as high as you get or are there plus
and m nus a couple of sigm? Were would you put the plus or
m nus couple of sigma on there if you were doing it?

BRADY: Well, the answer is yes. This is the
uncertainty band, but the last time | checked with the TSPA,
if you woul d--let ne back. W don't use these lines, we
abstract them by putting |ine segnments through them and we
tend to put an extra dip of pHon the |ower end and to the
hi gher end and you can actually see it here for the co-

di sposal ones. Wat you do on the--it has a | ow value and a
hi gh value. What's been done for the abstraction band is the
m ni num you average the mninmuns of all of the runs, and the
maxi mum you average the maximumfor all the runs. So,
there's sonewhat of an inplicit spilling over to account for

t he uncertainty.
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BULLEN: Ckay. Can we nove on to Figure 8, please? You
wer e describing essentially the plutoniumdissolution rates
and right at the end, you said you were doing a little bit of
wor k on super oxides. So, aml| to assune that that neans the
hyper st ochi onetri c oxi des of plutoniumthat you' re going to
end up with when you get to really high burnup fuel or maybe
a mxed oxide fuel? |Is that a good anal ogy or--

BRADY: No, it's when you have the PuQ+X that has

received sone attention. There is now an article by--

BULLEN: Right, that's the hyperstochionetric?

BRADY: Yeah. And, we're kind of at the front end of
that right now So, | can't tell you howit's going to work
out .

BULLEN. Ckay. But, you are addressing the issue and so
things Ii ke MOX fuel and high burnup fuel which may end up

being an issue with respect to the anmpbunt of plutoniumthat

you have and how it m ght dissolve are things you're going to

addr ess?

BRADY: Yes. I|I'msorry, | see your question. Yes, you
are right.

BULLEN: Ckay, good. And, then, the |ast question
have goes to Figure 11. In this case, you tal ked about the
two inmportant factors, one of them being the second one,

creep and stress corrosion cracking and you changed the

distribution froma triangular to a uniformdistribution with
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a half a percent as the top of the uniformdistribution based
on new data. And so, you're saying that it's the data froma
radi ated and an unradiated clad. And, | guess, is that also
drawi ng upon the data fromthe test are north, information
that came out of the dry storage environnment? There's sone
information there basically that the clad perfornmed pretty
wel |l for, you know, 15 or so years. | was wondering if
there's sone data from Ei nzi nger or one of those guys up
there that basically was drawn into this determ nation of the
change in uniformdistribution?

BRADY: M eyes are gazing across the crowd to see if
Eric is here to field that one.

BULLEN: That's a little bit detailed. Mybe, we can
tal k about that one off line. That's just one of the areas
that 1'mvery interested in because cl addi ng performance,

al t hough not necessarily explicitly in there, is one of those

backup for safety. So, 1'd just |ike to know how you cane up
wi th these nunbers. |"'minterested in the difference between
the radi ated and unradi ated clad, but | can do that one off

l'ine.

BRADY: | know we cited Einzinger because | can renenber
his name fromfilling out the reference list.

BULLEN: Well, | just know there's new data that cane
out of test area north that you should | ook at.

BRADY: Ckay.
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SAGJES: | see no questions from other Board nenbers.
But, | understand that Dr. Diodato and Dr. D Bella have
questions. And, we have a couple of mnutes. Dr. D odato?

DI ODATO A very interesting presentation. On Figure 8,
if we could | ook again at Slide 8 where the plutonium
stability phase is? As you know or may have been questi oned,
the Board has definitely expressed an interest in the DOE
denonstrati ng and understandi ng the fundanental processes in
a nunber of different areas. $So, when | saw these dots on
this curve, on the various curves, lining right up with the
curves, | got excited, but then |I realized that probably
t hose were your speciation calculations. |Is that correct?

BRADY: Yeah, I'msorry, the last two phrases, | didn't
cat ch.

Dl ODATO The dots on the curves, you have a speciation
cal cul ation, for exanple for PuQ crystalline and goi ng down
and then going right across the line in the mddle there and

t he upper curve for PuOH, those are theoretical?

BRADY: Onh, yeah. Yes.

Dl ODATO  Yeah, that's based on speciation cal cul ations.

BRADY: Ri ght.

DI ODATO So, it's nice to have a speciation nodel that
can predict things and believe in it, but then if | |ook at
the Argonne drip test, open circles around pH6, then it seens

to nme that--
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BRADY: Ri ght.

Dl ODATO  You get like a six order of magnitude spread
there in the experinental data. So, that's sonmewhat
di scouragi ng maybe if you're not used to that sort of spread.

But, that's just kind of an observation. The real question

was Bob MacKi nnon yesterday presented anal yses that suggested
pHs m ght be down around 5 or |ess, you know, nore acid pHs
for a period of, say, 3,000, 4,000 years or so. And, it's ny
i npression that secondary urani um phases m ght be of
significant value in ternms of prediction of what m ght happen
in terns of potential repository. Wat's your understandi ng-
-still, | guess in an oxidizing Eh setting, what's your
understanding of the stability of the secondary m neral
phases and how that | ower pH mi ght affect those phases with

time in those early tines?

BRADY: Well, let's see. That's kind of an open-ended
guestion. Let nme deal with, first of all, the assertion
that --the question about these things. Yeah, these are

(i naudi bl e) calculations, these are drip tests, and there's a
six order of magnitude spread. | should point out that | was
kind of constrained for tinme, but the Argonne drip test, the
PNL batch test are not exactly anal ogous to the input

cal cul ati ons you do when you sweep across and do the
solubility. So, these things provide indirect support. They

are not, you know, sonething we pull amunts from Now, your
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guestion about what happens as you go | ower, things becone

| ess stable. We'd like to stay away fromthe | ow pHs. And,
that's why we invested a fair bit of tine and effort in

| ooking at just how realistic the | ow pH spi kes were because
again they're directly proportionate to how fast you choose a
steel rate today. | don't knowif |'ve addressed your
concern, though.

Dl ODATO  Pardon?

BRADY: | don't know if I've answered your question,

t hough.

Dl ODATO Oh, yeah, thank you.

BRADY: You know, in natural solutions, it's hard to
mai ntain pHs nmuch bel ow 4. You just don't observe these
t hi ngs unl ess, you know, they're special conditions, you
know, effluent froma mne.

SAGJES: Dr. Di Bella?

DI BELLA: Carl D Bella, Board staff. Two questions, a
qui ck one and one a little bit longer. The quick one is on
Overhead 13. The second bull et says steel degradation,
persi stence of reduced iron at Yucca Mountain. |'msorry,

" mjust not making that connection of what you're referring
to. |If there is reduced iron at Yucca Muntain that

persists, isn't that really an anti-anal og, sonething that
contradicts equilibriumassunptions that are apparently being

made in the calculations? Can you tell ne nore about what's
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being referred to here?

BRADY: Okay. The argunment was that there's a
persi stence of magnetite and you can argue that--and, Carl,
nmy response when soneone said it was about the sane as yours,
it's, oh, yeah, that's because it's carried with hematite or
ferric hydrate or sonething like that. But, if one tries to
envi sion a waste package filled with degraded waste package
stuff, it's very easy to imagine a |lot of the radionuclide-
bearing solids being intimately in contact with reduced iron
in contact with that iron oxyhydroxide coating. So, the
question becones is it nore reasonable to pick an oxygen
fugacity of the earth's surface or is it nore reasonable to
pi ck one down around hematite and magnetite? The value |
used of 10* is halfway between 2, right? Now, this is an
uncertainty that we're going to continue to have to address
because it is notoriously difficult to identify what the
actual redox state is in natural waters. |t has a propound
effect on the solubilities there.

DI BELLA: And, Overhead 6, please? Thank you. | was
struck on this by the fact that of the whole series of slides
you had of pH versus tinme that the | owest pH that was on this
slide was 3. It seens to ne that with all of the iron and
ni ckel, chromum and so forth that there would be a | arge
possibility for hydrolysis occurring which would result in

| ower pHs than that. So, there nust be sonme sort of
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assunption of sonme sort of naturalization agent comng in and
reacting with this. Can you explain why we don't see
hydrol ysis apparently?

BRADY: There are reactions that tend to buffer the--
well, let ne back up. There are finite limts to the anmount
of acid which can be produced and they are defined by the
amount of, in this case, the A516 steel. Now, the buffering
reactions that mtigate against it down here, it's glass
di ssol ution, but also these things right here, you end up
with a lot of uranium uranium-the solutions are very
concentrated and you--the solutions have their own buffer
capacity and what al so happens to keep things together--what
stops things fromgoing well-below 2 is dissolution of iron
oxides that formin the first place. W're calculating that
you get roughly 10 noles of either ferric hydrate or FUQO, per
nol e of water that goes in--excuse nme, per liter. Now, if
you go to pH2, you're going to dissolve all of that iron. |If
you wite the reaction to FUQ, it goes to FUOH plus. You

end up conserving protons. So, the degradation products

t hensel ves anchor the pHs. [It's not much of an anchor--1I
mean, you know, anchoring a pHat 3 and that's still an acid
pH, but you can't get down to 2 unless you dissolve a |large

fraction of the iron.
DI BELLA: Thank you.
SAGUES: Thank you very nuch
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W' re standi ng between a crowd of people and their
coffee. So, we better break right now and we'll reconvene at
10: 01.

(Whereupon, a brief recess was taken.)

SAGJES: We're now ready to continue with the rest of
t he session.

We have three nore presentations. The first
presentation will be by JimHouseworth with contributions by
a substantial nunber of collaborators and Jimis from
Lawr ence Berkel ey National Laboratory working for Bechtel
SAIC. He's going to be tal king on unsaturated zone transport
process conponents. So, please, let's take our seats and
l[isten to Dr. Houseworth's presentation.

HOUSEWORTH: | would like to go over now the recent
progress in unsaturated zone transport primarily docunented
in the SSPA Volune 1 and |ist the nunber of people who
directly contributed to this effort.

This is the set of topics I'"mgoing to be covering.

The first itenms will be conservatismin radionuclide
transport, trying to get a handle on the conservatisns that
we have identified in process and PA nodels for radionuclide
transport. The first itemw |l be drift shadow which
concerns the subject of radionuclide transport in the
vicinity of waste enplacenent drifts and then we'll go onto

radi onucl i de transport cal cul ati on nmet hods which focus on
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bot h process and PA nodels, focuses on the effects of
fracture-matrix interaction. Then, I'll go into therm
operating nodes. Acconpanying the sane set of topics that Bo
Bodvar sson covered yesterday in terns of the nountain-scale,

coupl ed processes, and expansion of the repository footprint,

and 1'Il be addressing these in terns of effects on
transport. Then, 1'll finish with nmultiple Iines of
evi dence.

kay. 1'd start off with the drift shadow. | have

a conceptual drawing of the process in the vicinity of a
wast e enpl acenent drift. W' ve done quite a bit of nodeling
and field testing in terns of drift seepage and over the
years have found that there's a substantial anmount of

di version of that seepage. The percolation flux is diverted
around the drift. The effects of that diversion have

i mredi ate inpact in ternms of the environnent of the waste
enpl acement drift and those effects have been captured in PA
and process nodels. The effects in terns of transport
through the drift are that you have diffusion and |imted
rel eases fromthe drift because you have no seepage under
those drifts. The nunber of drifts that have been found to
have conpl ete seepage diversion are quite high in the PA
nodel. In the Rev O calculations, we have found an average
of about 87 percent of the drifts didn't seep. That nunber

has dropped in sonme of the nore recent cal culations, but it
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still a large fraction, on the order of half the drifts see
no seepage over long tine periods.

The consequences of that seepage diversion continue
below the drift. And, that aspect hasn't been captured in
process nodels or PA nodels up to this tinme. The
consequences are caused by this flow This diagramreally
represents what's happening in the fractures in terns of this
strong gravity-driven flow pattern along the sides of the
drift and down below the drift |eaving a zone of very | ow
fracture saturation, very |low, poor velocities in the
fractures. In ternms of the matrix, the capillary forces are
much stronger. Water can be pulled back nore quickly to neet
the drift and we see nmuch less of this kind of flow pattern

beneath the drift in ternms of the matrix. So, what you get

is adry fracture zone, but the matrix only has limted
effect in terns of reduced saturation of the flow In terns
of transport, you have, as | nentioned, the diffusion limted

transport out of the drift because there's no flow going
through the drift. Wat those radionuclides see at the
bottomof the drift is rock where fractures are near-residual
saturation, very |low saturations. Mtrix is somewhat
depressed, but it's about 1000 tines nore water content in
the matrix than in the fractures. That results in diffusion
finding pathways in the matrix in that portion, but nost of

the release is into the matrix. Then, the subsequent
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transport is affected by the slow diffusion and advection in
the matrix and only gradually returning to fractures as it
noves down below the drift.

| wanted to comment on a coupl e other aspects of
this problem Bo showed yesterday the thermal drift shadow,
so to speak. In that case, we saw an enhancenent of this
saturation reduction belowthe drift driven by coupling with
thermal processes. But, the aspect that I'"'mgoing to talk
about today in ternms of the quantitative results are for a
non-thermal |y perturbed systemand so it will exist as |long
as the drift exists and diverts seepage.

Anot her aspect that | won't be able to cover
because we didn't do any cal culations, but we think is
inmportant, is the effects of this on colloid rel eases.
Col l oids al so have to diffuse out in this environnent and
it's well-known colloid diffusion is much | ower than
di ffusi on of aqueous species. The colloids will also have a
much nore difficult tinme exiting the drift and getting into
the rock matrix because of the size exclusion effects that

are expected. Therefore, we think the colloids in this

environment will have a very difficult tine ever |eaving the
drift.

And, I'"mgoing to discuss sone cal cul ations that
were done on this grid that's shown here just to give you an

idea of the scale. It's a subsystem nodel that only
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enconpasses the tsw35 unit. |It's 65 neters in depth and 40
neters in wdth. Here's the drift here, a 5 neter dianeter
drift. W take advantage of sonme of the symetry conditions
along the drift to center line, and along the center line to
the pillar for doing the cal cul ation.

Next slide. Here are sone of the transport results
for this subsystemnodel. Bottomline is that transport in
the drift shadow is also much | onger radionuclide transport
times than in the baseline transport nodels, not surprisingly
when | tell you of how the baseline transport nodels work.
Let's go over that first. |In the baseline transport nodel,
the releases go directly into fracture flow that is
undi sturbed by the presence of the drift. So, what we find
is, going through this subsystem 45 nmeters for the drift.
The radi onuclides get there in about a year. That's for
direct release into the fracture flow In the drift shadow
nodel where we take advantage of the fact that the flowis
much redacted beneath the drift and the radi onuclides have to
diffuse into the matrix and start their transport in the
matri x, you get nuch longer transport tinmes. Here, we show a
coupl e of cases where there's been sensitivity studies done
here with different flowrates in the matrix, 1.6nmmyr
flow ng through the matrix and .3miyr flow ng through the
matri x, which represents our estimates of the range of

possible matrix flow rates. The overall percolation rate of
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10miyr. So, the remainder of the flux is nmoving to the
fractures. Here, we see 3500 years to 6200 years of
transport. For neptuniumwhich is a weakly sorbing

radi onucl i de, we al so see nuch | onger transport tinmes and, in
fact, these are enhanced by sorption out to 11,000 or 12,000
years in this case.

In terms of our TSPA inplenentation, we've only
been able to partially inplenment this work in the TSPA
W' ve used what's called an advective-diffusive flux
splitting algorithm In this case where we have advective
releases in the drift, those enter the flowng fractures that
are again undi sturbed by the presence of the drift. Were we
have diffusive releases fromthe drift, we put those into the
flowng matrix which is al so undi sturbed by the presence of
the drift. So, these aspects of the flowfield in the drift
shadow nodel haven't been incorporated into the TSPA.

There is al so another aspect that is potentially

non-conservative that's in the TSPA abstraction and that is
for radionuclides that do enter the matrix. In this
abstraction, they cannot diffuse back fromthe fracture.
They have to either advect back into the fractures or sinply
transport out of the bottomof the systemin the matrix. W
think that that probably only affects the |ong-term behavior
in the PA, things |ike peak dose. The other aspects which

are conservative are nore inportant to the initial delays
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that we show in the TSPA nodel

Next slide, please. Okay. Now, junping subjects
here to the radionuclide transport cal cul ati on nethods, the
basel i ne process nodels that we use for radionuclide
transport are dual -perneability nodels, both for flow and
transport. Here, we show a schematic di agram of dual -
perneability nodel where we have fracture connections going
down here. This is a one-dinensional nodel and matrix
connections like this. You see, there's only a single grid--
or two grids, basically, between fractures and matrix that
can be used to represent the exchange between these two
continua. Because the nodels are based on spatial gradients
of state variables, such as pressure and concentration
bet ween these two grid points, we only get a certain |evel of
refinement in those gradients which is limted by the
(inaudible). To investigate the effects of this, we
i npl enented what's called the nmultiple interacting conti nuum
nodel s which is a big nanme just for putting nore points in
the matrix so we can get a better gradient and try to capture
nore precisely the effects of these gradients on the exchange
between fracture and matrix. This is a little diagram which
shows what was used. You have the vertical fractures here
showi ng the planes and then a series of nested zone inside
the fractures which represent the matri x and shows how we can

get a better handle on those gradients between fractures and
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the matrix. So, we inplement this into flow and transport
nodel s in a two-di nensional site-scale calculation. Wat we
find is that the DKM nodel predicts nmuch earlier breakthrough
in the initial phases. The explanation is pretty sinple.
When you initially have these fronts com ng through, the
concentration gradients are sharp and we're unable to capture
those with the two point nmethod. Wen you break this into a
mul ti pl e point kind of approximation to the gradient, you get
a better representation and it does draw things into the
matri x nore qui ckly and sl ows down the transport.

Well, that's the study we did in terns of the
process nodels. W also have done sone investigation of some
of the conservatisns that are represented in the PA transport
nodel which uses a different cal cul ation schenme. PA node
i npl enented a continuous anal ytical representation of the
fracture-matri x exchange, specifically to address the issue |
just discussed in ternms of the dual-perneability versus the
mul tiple interacting continuum nethod. But, in order to do
that, you had to introduce sonme other approximations that
affect fracture-matri x exchange. Wen we conpared the PA
nodel which is FEHM Version 2.1, against an alternative
transport nodel that nore directly inplenments the dual -
perneability conceptual nodel, what we found was nore
conservative breakthrough curves. Here's a plot. This is

for a 3D site-scale transport cal culation. For technetium
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you see earlier breakthrough for the PA transport nodel than
process nodel, and simlarly, even greater discrepancy for a
weakly sorbing radi onuclide, neptunium We are working on
trying to inplenent a transport nethod that is nore uniformy
valid, nore realistic, but hasn't been yet inplenented in the
PA at this tine.

Next slide, please. Okay. Now, going on to
t hermal operating nodes issues. The first aspect that we
addressed was this expansion of the repository footprint in
order to allow for a |ower thermal operating node. Wat we
show here in this red outline is the baseline repository
bl ock and then the blue Iine shows a slight expansion and
this region added to the south to give nore enplacenent area
for low thermal operating conditions. The flow transport
cal cul ati ons have been done on this footprint and what we
have over here are the sinul ated breakthrough curves for
technetium and neptuniumin this 3D site-scal e transport
nodel. |If you |l ook at the north block versus the south bl ock
for technetium there's the south block, what you find is
that there's a fair anmount of slower breakthrough fromthe
south block. That's primarily driven by reduced infiltration
and sonewhat | onger distance between the potential repository
and the water table than in the north. But, when we
integrate the two which is this dashed |ine and conpare it

with the baseline TSPA-SR cal culation, the results aren't
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terrifically different, basically, because this is a smaller
enpl acenent zone. So, in total, the effects are small. And,
simlar results were found for neptunium

In terns of thermal operating nodes and the
thermal | y-driven coupl ed processes, we've | ooked at several
of the different coupled processes in terns of their effects
on flow with some quantitative analysis that Bo presented
yesterday. |'mnot going to go over those again. W didn't
do any quantitative anal yses of these in ternms of transport,
but we did use these to guide qualitative evaluation of the
effects of these coupled processes on transport. Wat we
found for the nountain-scale TH that the effects of these
thermal | y-driven processes on thernmal -hydrol ogi cal processes
gave fluxes in the high-tenperature case that varied over a
range that was very simlar to the range of changes that we
woul d see in the climte change w thout any therna
degradation. The |ower tenperature operating case, the
ranges or variation in flux below the repository were even
| ess than that. So, basically, TH processes are expected to
have a |imted i nfluence on nountain-scal e radi onuclide
transport and have been, therefore, not propagated into the
TSPA.

Drift-scale is alittle different because of the
nore pronounced effects of TH processes on the drift-scale.

H gh-tenperature operating under |ocal dryout of fractures
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and matrix in the vicinity of the drift, and in fact, it's a
| onger dryout below the drift, on the order of 2500 to 3000
years and will prevent transport until rock rewetting occurs.

In the | owtenperature operating node, there is |ocal dryout
in the fractures, not in the matrix, that would |ikew se
prevent releases to the fractures for on the order of 2000
years. Matrix water is retained. So, things |like diffusive
rel eases in the drift shadow nodel would go on, but this
reduction in fracture saturation would al so--oh, okay. The
overall effects of this drift-scale dryout was not included
in TSPA, but may result in inproved performance if there are
rel eases during the thermal period.

Next slide, please. The effects of thermal-

hydr ol ogi c-chemi cal effects were | ooked at in terns of their
effects on nountain-scale flow This was done in a two-

di mensi onal site-scal e nodel and found that variations caused
by precipitation dissolution events in the fractures caused
variations in perneability | ess than one order of magnitude.
This is smaller than the natural variability in the fracture
pernmeability, and therefore, we expect that these processes
woul d have a limted influence on transport and fl ow.

Because these were negligible, it again wasn't propagated
into the TSPA. For THM effects, simlar bottomline. W did
| ook at a mountain-scale and drift-scale THM nodel and the

variations in fracture perneability driven by THM processes
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ranged from about 10 to 40 percent; again, nmuch smaller than
the natural variability of the fracture perneability and
excl uded from TSPA on that basis.

Next slide, please. |In ternms of |ines of evidence,
fracture-matrix interaction is a key elenment in the transport
nodel , both for the baseline transport nodel and for drift
shadow effects, as well. | mght cooment that in terns of
fracture-matrix interaction, in the baseline nodel it's

al ways conservative to reduce that interaction because things

nmovi ng through the fractures can only be slowed up by
fracture-matrix interaction. In the case of the drift shadow
nodel , that relationship is inverted. The things that are

entering the matrix can only reach fast transport pathways

t hrough fracture-matrix interaction; therefore, reducing that
in the drift shadow nodel inproves performance. |It's the
opposite effect.

So, what are the observations we have? Well,
probably the best observation is that hydrol ogi c observations
of saturation and water potential in the matrix remains
unsaturated despite a relatively large percol ation fl ux
t hrough the nountain relevant to the perneability of those
matrix units. That is used in the flow nodel calibration to
set the fracture-matrix interaction. So, it's not exactly an
i ndependent line, but it's certainly a very inportant

observati on. It's one that we have been able to use
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guantitatively. W also have observations of geochem cal

di sequilibriumin the system W haven't been able to take
sanpl es or observe fracture water, per se, except in perched
wat er bodies, and there, we do find disequilibriumin the
chem stry between the fractured water and the matri x pore
wat er .

Anot her indication of reduced fracture-matrix
interaction is the steep gradients found in urani um between
fractures and matri x at the Nopal | unsaturated zone site,
Pena Blanca. This is again an indication of reduced
fracture-matrix interaction which is a conponent of those
baseline and the drift shadow nodel

In terns of long transport tinmes, we have a couple
of observations which suggest transport times may, in fact,
be | onger than what we calculate in the Yucca Muntain
system The lower nobility of uraniumin the unsaturated
zone at Pena Bl anca indicates that the uranium has not noved
substantially over 100,000 year tinme frame, even though there
are indications of water events over shorter tinme periods.
Simlarly, at the Akrotiri anthropol ogi cal anal ogue site in
G eece, there has been found limted mgration of copper and
| ead over a 3600 year time frame in the unsaturated zone.

Next slide. To summarize, finally, the transport
times in the drift shadow are considerably orders of

magni tude | onger than predicted by the existing PA nodel, at
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| east in the subsystemthat we investigated. Transport tines
in the drift shadow are significant relative to the 10, 000
year regulatory tinme frane. Again, that's in the subsystem

In terns of colloids, we expect that they would have a
substanti al inmpact on the rel ease of coll oids.

Process nodel representations of matrix diffusion
have been shown to be conservative. That's both in the
representati ons we've used for the process nodels and
conpari sons between the PA nodel and the process nodel.

I ncl udi ng the southern extension to the potential repository
bl ock, that has resulted in slightly |onger transport tines
to the water table.

In terns of thermally-driven coupled processes, the
only one that seens to be of significance is the |ocal dryout
whi ch woul d cause del ay of radionuclide transport imredi ately
beneath potential waste enplacenent drifts during that period
of dryout. The other thermally-driven coupled process
effects are expected to have m ninmal influence on transport.

That's the end.

SAGJES: Ckay. Thank you very nuch. Do we have any
Board questions? Dr. Craig?

CRAIG Paul Craig, Board. It was very interesting. An
observation and a question. The observation is that on
Figure 6, the technetiumtransport, half the water got down

to 50 percent breakthrough. It used to be 300 years and it's
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now nmoved up to roughly 800 years which is certainly an
i nprovenent, but it's still a tinme short in conparison with
the regul atory conpliance. So, that's very interesting and
encouragi ng, but still you' re under 1,000 years for that.
The question is the followng. Back in the PA

transport nodel, you had a different nodel than we have in
the drift shadow nodel and I'mtrying to understand the
difference. And, ny reference point for all of this is a
cal cul ation that Bo taught ne about years ago done by
Phillips which was a cl osed performance solution for
honmogeneous nedium that clearly showed the shadow effect in
t hat instance.

HOUSEWORTH:  Unh- huh

CRAIG And, now, in the finite difference nodel taking
into account the fractures, | would expect that the sanme kind
of phenonmenon woul d energe automatically naturally because
you're solving essentially the sane equati ons.

HOUSEWORTH: That's correct.

CRAIG And, the question that I don't understand, as
yet, ny question to you, is why didn't everything that you're
seei ng now show up in those earlier calculations? What has

changed between then and now that's caused new effects to

appear ?
HOUSEWORTH: Well, we didn't do the drift-scale flow
cal cul ation that would capture that in previous cal cul ati ons.
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The drift-scale calculations that we did do were limted to
what's affecting what's comng into the drift.

CRAIG (Ckay. So, how did you--

HOUSEWORTH: We didn't really continue or use any of
those finer scale flow cal cul ations that would go on bel ow
the drift and certainly never |ooked at themin terns of
transport.

CRAIG So, you're saying that just below the drift, you
had a--how was it handl ed? You had a very large nesh that--

HOUSEWORTH: Yeah. As far as the way it's handl ed, we
have- -

CRAIG Was handl ed.

HOUSEWORTH:  Yeah, was handled. |Is that there is a
| arge site-scale grid with grid bl ocks 100 neters by 100
neters. And, the releases fromthe drifts sinply go into
those grids and the flow fields in those grids have no idea
that there's drifts there. There's no drifts in the nodel.

CRAIG Okay. So, it's smaller nesh than they did in
t hose?

HOUSEWORTH: R ght .

CRAIG Thank you.

BULLEN: Bullen, Board. Actually, I1'd like to take a
| ook first at one of your backup slides. That's the hazard
you have of putting backup slides in there. Could we go to

13? | guess, the question that | have is that, you know,
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this is a distribution of the flow of the drift shadow effect
and you nentioned sonme percolation fluxes in the matrix and
in the fractures that are on the order of 10 for the
fractures and 1.3, 1.6 for the matrix, kind of, nmyr.

HOUSEWORTH: R ght .

BULLEN: What happens in the changing clinmate when
you' ve got pluvial conditions? How do you expect the shape
of these curves to change? Does the drift shadow effect
becone less significant wwth nore water flow ng around the
top of the drift?

HOUSEWORTH: | have anot her backup slide that can help
on that--1 mean, better than this one--if you' d like to see
t hat .

BULLEN: Ckay. Go for it.

HOUSEWORTH: I n fact, there's two, 15 and 16. W did a
case where we had 100m yr going through the systeminstead

of 10. And, here's the conparison for technetium | don't
have the val ues out here, but we're still out in the

t housands of years, a couple thousand years. |t does cone
back a bit. The reason is that with the increased fracture

fl ow, you have sone higher fracture saturations, and

therefore, your fracture-matrix interaction is higher. But,

you still get pretty long transport tinme in the 45 neters.
BULLEN: Ckay. Then, | guess--
HOUSEWORTH: And, the next slide shows it for neptunium
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BULLEN: The | ast question that | have goes back to
Slide 3. As you look at the drift shadow zone that's there,
this is a highly idealized matrix and grid layout. And, say,
we have the hot operating node and we were actually | ooking
at water sheddi ng between the drifts. Now, the assunption is
the water shed is pretty much straight down, but |I'm assum ng
that the fractures and the faulting isn't necessarily up and
down. So, you may have sone |lateral diversion in the
fractures.

HOUSEWORTH: That's correct.

BULLEN: And, you picked 45 neters straight down in this
menber of the Topopah Springs tuff.

HOUSEWORTH: R ght .

BULLEN: What's the probability that, indeed, | don't
have that fracture zone extending quite that far, but I
actually have water flushing fromthe colum that's
essentially draining and com ng across and maybe washi ng
t hrough ny drift shadow and sort of negating the effect. |
that sonmething that you' ve consi dered?

HOUSEWORTH:  No, we haven't | ooked at a therma
perturbed system Now, | would ask you what's driving the
flow laterally? Because we do have the forces involved.

Now, we don't have heterogeneity and we do intend to | ook at
het er ogenei ty.

BULLEN: Oh, you just answered ny question.
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Het erogeneity is what's driving--

HOUSEWORTH: Ckay. Ckay.

BULLEN: [|'ve got fractures that don't go straight up
and down and, | nean, in reality--

HOUSEWORTH: Right, right. In reality, | would expect
those could as easily--the heterogeneity of the system could
easily divert as cross-convergence. It's a point. | nean,
it needs to be investigated, for sure.

BULLEN: Yeah, | nmean, if there's a possibility that it
could influence the performance of this and you' re claimng
t housands of years of inprovenent, you' ve really got to have
sonme justification for it.

HOUSEWORTH: Right. Well, it hasn't been devel oped too
much. That's kind of a newthing for us. W haven't gotten
that far.

BULLEN: Ckay. Thank you.

PARI ZEK: Pari zek, Board. A couple of slides that you
were showng like this one, 3, and then al so Backup Slides
13, 14. For the nodel runs you do, how long does it take to
see evidence of a drift shadow form ng? The idea here, if
you're going to go look for this in the field, howold a
tunnel do you have to have in order to have any hope of
finding it because one suggestion is why not go into sone of
your niches and drill on the floor and take a | ook? But, the

nodel runs took how |l ong to get the kind of differences
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you' ve shown on, say, Slide 13 and 147

HOUSEWORTH: Well, | was really running these to steady
state, as you're aware of. But, the actual tinme for that, I
don't recall

PARI ZEK:  You coul d probably--1 nmean, we could dig it
out of your--

HOUSEWORTH:  Yeah.

PARI ZEK: | nean, what, five years or eight years,
whet her you should use the ESF or cross-drift or sonething
i ke that especially when you need to go to sone ol der
excavati ons?

HOUSEWORTH: | think it would be relatively quick for
the fractures which is the inportant effect. The matrix
woul d probably take a very long time, but since--so, | think
that we could expect to see sone--Bo, did you have sonet hi ng?

BODVARSSON:  This is Bo Bodvarsson of the Law ence
Ber kel ey Lab. A couple of comments. Nunber one, with
respect to Paul Craig' s question about the groundwater travel
time in that picture saying it increased from 300 to 800
years, | just wanted to point out we are doing our realistic
case AMR which addresses that issue once nore and the
groundwater travel time both in SZ and UZ exceeds 1,000 years
certainly. So, you will see that when that conmes out in
October. These cal cul ations, these show the (inaudible) for

groundwat er travel tinme purposes, even though they were just
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conpari sons.

Wth respect to Dan Bullen's questions about the
shadow zone and the possibility that heterogeneities my
cause water to destroy our beautiful shadow zone, | want to
say the followi ng. Wen you put waste in place and you dry
out the rocks and the factors around it, we haven't done the
full calculation with heat, but we get 1000 years of del ay
just fromthe heat alone. And, know ng from our seepage
calculations that we can't even get waters to get into the
drifts fromabove in the higher tenperatures tuff because it
all boils off, it will certainly all boil off in a higher
tenperature case below the drift, too. So, the advantage of
t he higher tenperature case for the shadow zone are
unquestionable. 1It's just the basic physics and the physi cal
processes of the rocks.

Finally, I think Jimwas exactly on the right track
with regard to the time franme of devel opi ng a shadow zone.
The fracture drai nage underneath an opening is sonething that
takes just a few years to devel op, not hundreds of years and
certainly not thousands of years. Like he pointed out, the
matri x changes may take | onger, but they are immuateri al
because the saturations in the matrix doesn't change what's
in the shadow zone nor does it have to because that's not
really the effect. The fact of the matter is the waste goes

into the matrix and then diffuses is the inportant part. So,
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we think with tunnels that have been excavated for sone tens

of years, like the Gtunnels or sonething |ike that, would be
potential candidates for drilling into themfromthe floor
down.

PARI ZEK: Parizek, Board, if | can continue, you bring
up the point on colloids. |[|'ve been interested in this whole
idea of colloid transport through the unsaturated zone. The
evidence for it or lack of evidence for it is based on the
difficulties fromsone of the field experinments. But, if
it's a good floater and you get trapped in the bottom of the
footprint reading of the enplacenent drifts, that's a | ot of
colloids. So, eventually, in tinme, you can inmagine a |ot of
the fracture openi ngs becom ng plugged, and if water
continues to cone in soneday in the future, will we get
pondi ng or puddling? So, have you | ooked at the idea of the
colloid buildup in that interval?

HOUSEWORTH: No, we haven't, but I'd point out that the
case | was tal king about was a case where the drift didn't
al l ow seepage. So, there wasn't any flowinto the drift.

PARI ZEK:  Yeah. But, sonewhere during the pluvials,
you're going to have seepage sonewhere, maybe?

HOUSEWORTH:  Yeah. Well, fromthe Rev O cal cul ati ons,

t hey found 87 percent of the drifts didn't seep for 100, 000
years that they were--

PARI ZEK:  So, they should only--
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HOUSEWORTH: Now, in the nore recent cal cul ations, |
understand it's dropped to about 50 percent using different
focusing factors, using future clinmates that are a little
different. I'mnot sure in that case whether or not that
necessarily precludes flow for such long periods of time into
the drift, but that case may conme up in this situation for
that you nentioned. But, we haven't |ooked at that, no.

PARI ZEK: Yeah. The point is that there's a really huge
anmount of colloid material that's going to cone out of the
wast e packages and fromthe waste package thenselves. So, it
all accunul ates on the floor. Sonme portions of the floor
shoul d--may cause ponding. That's the point.

The ot her observation is that the pH data we had
fromthe previous Speaker Brady, for instance, yesterday
showi ng the | ow pHs that could conme out of waste packages in
the early stages of their degradation also nakes it an acidic
environment and transport. And, in your transport
cal cul ations, do you assune acidic environments or what do
you do with pH for transport?

HOUSEWORTH:  Well, no, we assune, nore or |ess, anbient
condition environnmental chem stry. For technetium there's

no sorption assumng it continues to transport as a

(i naudi bl e) anion. Under those acidic conditions, there
woul dn't be any effect. |In terns of neptunium there could
be sone effects on sorption of the acidic environnent.
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PARI ZEK: What it seens to do to ne is raise the val ue
of the Pena Bl anca anal ogue study because of the | ow pH
environment there with the sulfite and mnerals that are
oxi di zing or been oxidizing so that that anal ogue study may
take on greater significance as a source term anal ogy in
terms of what happens under a | ower pH environnent.

SAGJES: We're going to have to cut this conversation
because we have two nore presentations this norning. Thank
you very much

We're going to here now a presentation by Bruce
Robi nson of BSC/ Los Al anps all on the saturated zone process
conmponent s.

ROBI NSON:  Yes, it is Los Alanps despite the title slide
here. 1'd like to acknow edge the other fol ks who
participate in the saturated zone. 1'mgoing to be reporting
on work that's gone on and docunented in the SSPA. People
from Sandi a National Laboratories work with us at Los Al anps
and the USGS to put together the body of work that 1'Il be
reporting on today.

The topics I'mgoing to be discussing are new data
and nodel anal yses that have conme out since the Rev O the
TSPA/SR I'Il then go into unquantified uncertainties
anal yses. W don't work | ooking at certain distributions of
paraneters and | ooked at the inpact of changing those

di stributions based on new data. I'll spend sone tine on
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multiple lines of evidence, confirmatory |ines of evidence
for various aspects of the saturated zone nodel, and then
"1l conclude with an anal ysis based on the newly published
40 CFR Part 197 standard and what inpact that will have on
the calculations in the performance of the saturated zone.

First, the new data. The Nye County early warning
drilling program has provided us the opportunity to collect a
variety of different types of data; lithology data in the
wells, as well as hydrologic informati on such as head and
water |evel elevations. 1'Il showyou a little bit of that.

The wells also give the opportunity to performtesting.

The next topic is testing at the alluvial testing
conpl ex. W have hydrol ogi ¢ neasurenents and al so
prelimnary data fromsingle-well tracer tests which we
bel i eve provide us information on the conceptual nodel for
transport in saturated zone.

Then, I'l1 talk about sonme new nodel anal yses.

W' re expandi ng the scope of the nodeling to include
alternate conceptual nodels for various features that we see
in the groundwater system beneath Yucca Mountain, as well as
the role of the Solitario Canyon Fault. 1'Il also show a
sensitivity analysis for a |arger repository footprint which
woul d happen as a result of a cooler repository design. And
al so in the docunentation, but I won't have tinme for today,

are sone additional dispersion and matrix diffusion anal yses.
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First, the new data. The lithologic and
hydrostratigraphic information that we're gaining fromthe
Nye County wells consists primarily of a better
characterization of the extent of the alluvium If you
recall, the conceptual nodel for transport in the saturated
zone consists of fracture flow and matrix diffusion in the
vol canic rocks transitioning to a porous nediumflow in the
al luvium However, since these wells are dots on a map at
this point, we have a dearth of data in this general region
whi ch doesn't allow us to really pin down the transition
where that transition fromvol canics to alluvium occurs,
while this data has started to allow us to get a handl e on
that. Well 2-D which is right here at H ghway 95 showed
greater than 800 feet of saturated alluvium That is
starting fromthe water table. And, 19-D showed 400 feet of
saturated alluvium So, what we're beginning to do is to be
able to define the pathways fromthe repository and get a
better handl e on how nuch all uvium those pat hways wil |
encounter. And, we conclude at this point that, at |east,
some of the pathway to 20 kmw || be through alluvium Now,
| said 20 km We'Il|l get to the inplications of the new
regul ati on which shows a different conpliance boundary at the
end of this talk. Wells drilled to the north will allow us
to reduce this uncertainty further.

Okay. Hydraulic head and water |evel data have
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al so been collected and interpreted. 1 don't know if the
packets have the diagramin them They do; good. The
diagramon the right in the packet shows the new
potentionetric surface that's been drawn on the basis of the
new data. The bottomline conclusion of that is that those
contours are relatively unchanged with the incorporation of
the new data. But, we have determ ned sone interesting
i nformati on beyond just a potentionetric map fromthese data
and that is in Wlls 2-D and 2-DB where we have neasurenents
of the head and the vol canic rocks, 706 m versus the head in
t he underlying carbonate aquifer of 715 m an upward
gradient. W' ve seen that in Well UE-25P-1, but within the
nodel domain, that was our only observation of upward
gradients. And, now, this data is supplenenting that in
suggesting that it's a nore conprehensive feature of the
groundwat er systemthat the gradients are upward. The reason
that's inportant is that that should confine the transport of
radi onuclides to the uppernost strata that are encount ered.
In other words, the plunme should remain relatively shallow if
you have upward gradient. And, it seens to be a nore
pervasi ve feature of the groundwater systemor, at |east, our
under st andi ng has inproved that that's what it is.

We have a problemw th the graphics here. | don't
know i f we have the wong talk. But, what I"'mgoing to do is

since you have the packets, since you have all the right
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graphics, I'll ask you to focus on those as | give the talKk.

In the area of nodeling, we have alternate conceptual nobde
studies. There are various aspects of the groundwater system
t hat basically have conceptual nodels associated with them
One of themis the large hydraulic gradient to the north of
Yucca Mountain. In the previous nodeling, we've had a | ow
pernmeability feature which we've said is what gives rise to
that | arge hydraulic gradient.

In these anal yses, what we've done--actually, ['ve
got viewgraphs here. Wy don't | use then? | suggest we
turn that one off and I'Il give a talk that I"mused to
giving which is with me in control of the viewgraphs. Sorry.

As an alternate conceptual nodel for the large
hydraul i c gradient, we've replaced a feature which | don't
draw on this map with a nore distributed zone of | ow
permeability rock in the north. The results of that analysis
whi ch are docunented in the SSPA is that we generally get
better calibrations to the head data in the | ow gradi ent
regi on where the flowpaths fromthe repository would occur
and we get sonmewhat nore southerly flowpaths, as well.

That's shown on the next slide. This is conparison
of particle pathlines predicted by the nodel fromthe
original calibrated nodel and this one with the nore
distributed | owperneability in the north. They're both

calibrated nodels. So, they're both representative of the
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data as we know it, but the travel pathways are sonmewhat nore
southerly in this new nodel. So, it's an area of uncertainty
that we've | ooked at, found to be fairly mnor, but has

cl eaned up sone of our analyses in the sense of exploring
different possibilities.

The next topic is sensitivity analysis of a cooler
repository design. The black dots here are the original
repository footprint; whereas the red dots are what was
tested as a larger repository footprint to | ook at whether
the travel tinmes, the transport tinmes fromthe repository,
are the sanme or different, and also the pathlines. The
conclusion fromthat which I'Il showin the next slide is
that there's really no significant inpact of the footprint of
the repository being sonewhat | arger.

That's shown here. Oiginal repository pathlines,
i ncreased footprint, basically they overlay one another and
the transport tinmes in the formof a breakthrough curve
really show no difference in the two.

SAGUES: In the previous, which was which?

ROBINSON: Sorry. This is the original TSPA
cal cul ations. The larger repository footprint, you can see
the red extending further south. That's the representation
of the new footprint.

SAGUES: Thank you.

ROBI NSON:  Sorry.
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Moving to unquantified uncertainties, | divide
these into rock properties, transport properties, and fl ow
paranmeters. | show with an asterisk those which were used in
t he suppl enental analysis, the TSPA. That's our suppl enent al
anal ysis, the Volunme Il. There are others that are in a
sense a work-in-progress. W're still |ooking at sone of the
di stributions that we're studying, waiting a little |onger
for additional data, but the ones that we did include were
bul k density and certain sorption coefficients that have been
nmeasured and the distributions of those paraneters adjusted
as a result of that. Wat I'll show is one analysis that
| ooks at a different representati on of the groundwater
speci fic di scharge.

Qur nmethod of doing that in a saturated zone is to
| ook at nmultiple realizations and roll-up the information in
the formof a nmedian transport tinme. This is a histogram of
nmedi an transport times within the saturated zone only for the
original nodel and then the refined or the updated nodeling.

So, we're looking at nultiple realizations and | ooki ng at
t hose distributions of travel times to the 20 km conpli ance
boundary. This is for neptuniumin this case. The transport
results show a narrower distribution of predicted tinmes and
the primary reason for that is that we're using a narrower
range of values for the groundwater specific discharge, plus

or mnus a factor of 3 fromthe nean val ue as opposed to, in
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t he previous analysis, plus or mnus a factor of 10. There's
a description in the docunent as to the rationale for that
change in the distribution.

I"mgoing to nove to multiple Iines of evidence.
|, like the Board and ot her people in the saturated zone,
think that this is very inportant to confirmand to further
justify the use of our nodels and that there is nore than
just running TSPA cal cul ations. W need to have data that
confirmthat the nodels are on the right track. 1'll show
sonme exanples in ternms of interpretations of Yucca Muntain
data itself. These are data that don't go into a forma
calibration target for a nodel, but nonetheless, we need to
make sure our nodel is reproducing. There's also in the
docunent, although | won't have tine to tal k about today, an
exam nation of independent analysis of the Yucca Mountain
saturated zone. W' re conparing our approaches really with
t hose of EPRI and NRC and that's docunmented in the SSPA.

Then, there's natural and ant hropogeni c anal ogs, as well.
But, like | said, inthe interests of tine, | want to focus
on the interpretations of Yucca Muntain data.

The next slide shows the hydrochem cal and isotopic
anal yses. The assunption or the prem se here is that there
are trends in the chem cal data that add an aerial extent
that can be used to delineate the |arge-scale features of the

groundwater flow patterns. |f you see conpartnentalized data
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wi th high chloride concentrations in this region and over
here and | ower ones following a path fromnorth to south,
then that tells you sonething about the flow patterns that's
i ndependent, if you will, of the other information. Now, we
do this with things |ike chloride, but also other species, as
wel | ; conservative species usually or reasonably conservative
species, as well as stable isotopes which tell us about
basically the recharge fluids that are entering the saturated
zone. W conclude fromthat and it's docunmented in the SSPA

and also in an AVR that the flow nodel results that we get
with our particle tracks are consistent with the flow
patterns that you deduce fromthe hydrochem cal data.

In addition to flow patterns, there are conceptual
nodel s for how radi onuclides mght travel through the system
In the past, you've seen tal ks about the C-wells experinment

whi ch | ooked at fractured volcanic tuffs and transport

mechani sms.  We now have single-well tracer tests in the ATC
that we can ook at to attenpt to validate the porous

conti nuum conceptual nodel for alluvium That's what these
results capture. Bottomline, we believe the results are
consistent with this porous continuum conceptual nodel which,
as | said before, is inportant in terns of performance.
Basically, your punping tracers into a well, chasing it with
tracer free solution, and then allowng it to sit there for a

prescribed period of tine and then punped back out at the
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same wel | .

W see in a fractional recovery during punpback of
different tracers that have different diffusive
characteristics that the curves overlay. That's consistent
wi th a porous continuum nodel w thout significant or |arge
amounts of stagnant water that's interchanging with the fluid
in the active flowaths and the stagnant water. It appears
to be a porous continuumand that's in contrast with the
fracture vol canics where the Cwells data showed quite
clearly that the opposite is the case. You have stagnant
wat er and transport in fractures.

We al so injected m crospheres during these
experinments. The recoveries are |lower, and after flow

interruptions, you get spikes of mcrospheres that are

recovered in that fluid and that's consistent with the
filtration nodels that we're using for colloid transport.
So, the m crospheres serve as an analog for colloid transport
and the filtration nodel is consistent with that data.

The final exanple of nmultiple lines of evidence are
the U *° ratios in the saturated zone fluids. |It's probably
better in your packet. But, here, are--got sonme water flow

across here, but here are the data around Yucca Muntai n.
They show anomal ously high ratios conpared to the
surroundi ngs of ‘U *°U ratios. And, that neans that that's

sort of an artificial tracer for the recharging fluid that's
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recharging at Yucca Mountain. It's distinct fromwhat's
around it. In ternms of the flow nodel, the presence of those
anomal ous ratios support the notion that there's a hydrol ogic
i solation and sl ow novenent--not zero novenent, but sl ow
nmovenent - - of groundwater directly beneath the nountain; as
well as the fact that as you go to points south and the
ratios are lower, that's consistent wwth a dilution nmechani sm
in which dispersion and m xing are taking these high ratios
along the flow path and reduci ng them as you go downgr adi ent .
So, there is qualitative consistency with our notions for
how the chem cals should mgrate from Yucca Mountain. There
are uncertainties associated with this and the other anal yses
and that's why you really can't formally calibrate using data

such as these, but nonetheless, they're inportant.

Final topic is the 40 CFR Part 197 standard for
Yucca Mountain. It is specified as being given |atitude, but
no greater than 20 km So, the new boundary that we are

going to start using is straight across at about 18 km from
the potential repository and then followi ng the 20 kmarc on
either side of it; as opposed to the 20 km boundary t hat
we' ve been using so far. So, what we wanted to do was to
suppl enent the SSPA anal yses with some cal cul ati ons to show
what the inpact of that m ght be.

Results of that are shown here for C 14, a

conservative species, and Np-237. The newer conpliance
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boundary results in somewhat shorter travel tinmes due to the
shorter flowpath length in the alluvium Wat |'mplotting
here is a cunmul ative probability distribution for 100
realizations of the nmedian transport tine conparing the 18 km
fence, the new final regulation, with the 20 km The effects
are somewhat greater for neptunium because in addition to
effective novenent, you also have sorption in the alluvium
for neptunium

So, in sumary, |'ve shown newy collected data
that | believe, in general confirnms the previous
representation of the saturated zone, but it's given us a
l[ittle bit nore robust description of the saturated zone.
New fl ow nodel representations in which we've exam ned
conceptual nodel uncertainties is another feature of the work
in the SSPA docunent. Larger repository footprint didn't
have much inpact. | showed the unquantified uncertainties
anal yses in which we in sone cases will have narrower ranges
of SZ behavi or conpared to previously. | focused on the
mul tiple |ines of evidence. Those provide independent
confirmation of the various conceptual nodels and assunptions
that go into the nodeling. And, finally, the new EPA
standard prescribes a slightly closer conpliance boundary and
that resulted in somewhat shorter transport times in the
saturated zone.

Thank you.
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SAGJES: Thank you. Any questions fromthe Board?

CRAIG Craig, Board. Yeah, this was interesting. |
think the alternative different ways of |looking at it gives
you sone feeling of confort with respect to the
uncertainties. You calculate different ways and get sone
nore answers, that's encouraging. The overall nessage seens
to me to be somewhat simlar to the nmessage of the |ast
presentation on the UZ, nanely, unless you have sone kind of
hol dup nechanism the transport tines for the water
t hensel ves are bel ow 1000 years. That was true for the UZ
and it appears to be true for the SZ, continues to be true
for the SZ, which nmeans that the previous nessage renains
unchanged that the primary hol dup nechani sns for the whol e
repository are chem cal type hol dups and new netals, C 22 and
titanium Is that correct? Am| stating the SZ portion
correctly?

ROBI NSON: Wth respect to the SZ, | wouldn't put it as
starkly as you do because | think that there is an
uncertainty range that we're dealing with in which sone of
the predicted transport tinmes--in other words, there's sone
probability, a finite probability, that transport tinmes would

be greater than what you just referred to.

CRAIG That would be very interesting, but | didn't see
that in your presentation. |It's true that for the neptunium
you have ranges, but for sinply mechanical transport of
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water, | didn't see ranges that seened significant.

ROBINSON: |If we look at G14 which is as close an
anal ogy to water transport as we can get here, this is a
considerable range. This is a cunulative probability. So,
20 percent of the realizations are up in the thousands of
years. To get the nedian value, it's true in this range
right here, but there is a significant probability based on
the uncertainties that we have that travel tinmes would be
| onger than that.

CRAIG  Yeah, but 1000 years is up in your high
probability range?

ROBI NSON: Wl |, yeah. Yeah.

CRAIG  Yeah?

ROBI NSON:  Unh- huh

CRAIG That's why | used 1000 years for ny nunber

ROBI NSON:  Ckay.

PARI ZEK: Pari zek, Board. Do you consider the new data
fromthe regional groundwater flow nodel fromthe USGS as
flux boundaries and so on? Does that nean in the current
runs you' re making or in the--

ROBI NSON:  Yes. Just to anplify on the question a
little bit, there is a correspondi ng nodel at the regional
scale that we are in close conmmunication with and basically
we use that nodel and the site-scale nodel to prescribe

calibration targets for how nmuch water is comng into and
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goi ng out of our nodel. The reason for that is that our
nodel doesn't have natural hydrol ogic boundaries. It's
carved out of space in the formof a rectangle. So, we need
some way to set those boundary conditions and that's what
Dick is referring to. The version of that nodel that was
used in these calculations is a previous version. W're
getting updated hydrol ogi c and geol ogi c nodel results from
that, but they are not in the work that | presented here.
PARI ZEK: On Page 9, you show the footprint difference
and you use the southern addition as an exanple. Wuld you
get any advantage if you used Gants Ridge as an expansi on
area west of the fault zone rather than going south? It's

not obvi ous what difference would that nake.

ROBI NSON:  Yeah, we haven't explored that in the way of
calculations. | believe the thing to keep in m nd when doing
that is that you can crank through a nodel run and see what

your nodel says, but the first thing | would do is really
take a close |look at the data that support that nodel before
really believing the nodel results too nuch. The node
results that we present are based on data that we've

collected for the purpose of the repository as it's currently

envisioned. |If we nove outside of that, there are
inplications in terns of data collection that m ght be needed
to really characterize the rock to the sane degree that we've

characterized it in the assuned region that we have right
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now.

PARI ZEK: In Figure 7 with the revised direction of flow
is slightly nore southerly, as you show. Does that make any
difference in ternms of where the saturated alluvium m ght
cone into play conpared to what you have in the origina
calibrated nodel or is that still--

ROBI NSON:  Not really because basically, although it's
nore southerly once you get down into here, the flowpaths,
you know, if you were to overlay them are pretty simlar
down in the region of where it transitions to alluvium

SAGJES: Ckay, very good. W have a question from Board
staff, Dr. Diodato?

Dl ODATO  Yeah, Diodato, staff. Thank you for the
presentation. | had a couple questions. One, on your Slide
9, the breakthrough curves, |ooking at those travel tines

for, | guess, the conservative species, strike sonme people
maybe as being extrenely conservative. So, the question
woul d be is there any field evidence to show breakt hrough
ti mes, breakthrough curves arriving that quickly at that

di stance from Yucca Muntai n?

ROBI NSON: The purpose of these calculations was to
conpare two different systens; one with a larger footprint,
one with a smaller. Wat | didn't want to do is wap in a
bunch of different processes, even those that m ght occur and

affect these results. | didn't want to i nclude them because
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| really wanted to | ook at flowpath differences. So, these
curves are curves with no sorption and no diffusion in the
matrix of the volcanic tuffs. So, | didn't nention that.
It's in the docunentation. That's the primary reason for the
shorter travel tines that you see in this plot right here is
that there was no matrix diffusion because | wanted to have a
| ook at basically just the hydrol ogic processes in conparing
t hese two.

Dl ODATO | understand that you didn't include those
things, but it shows maybe the sensitivity of the boundary
condi ti ons which m ght change now with the new USGS nodel

Then, the next question was you nentioned the EPA
regul ati on, 40 CFR 197, the new one. And, in that, they have
a revised anount of water for dilution going from 1285 acre
feet per year to now 3000 acre feet per year. | was | ooking
at your Slide 7 which shows the original calibrated node
paths and the new alternative one. |s there any nodel
evi dence? Like how nmuch flux would be com ng through exactly
where t hese breakt hrough curve--where the particle tracks
occur? Have you | ooked at the actual flux through the
predi cted zone of contam nation?

ROBI NSON:  You nean the specific discharge?

DI ODATO  Yeah, for water.

ROBI NSON:  Yeah. [It's--gosh, | don't renenber exact

nunbers, but on the order of a neter per year.
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DI ODATO So, what is that in acre feet? [|'mnot going

to do the conversion. | don't know It's a neter per year.
So, we can do that conversion and see how that conpares wth
3000 acre feet.

ROBI NSON:  Yeah, that's right.

DI ODATO Do you think that that 3000 acre feet nunber,
how wi Il that conpare in your mnd with a neter per year?

ROBI NSON: Basically, it is a quantity of water that
essentially enconpasses the entire plunme as it's flow ng
t hrough t here.

DI ODATO  So, you think this plume is a 3000 acre feet
per year discharge at that point?

ROBI NSON: Wl |, yeah. | nean, the regulation is
consistent with the sort of calculations we're nmaking here in
the sense that 3000 acre feet per year is enough water that
you're really m xing--you would be m xing the entire plune.

If you really drew that nuch water out of the system you
woul d be getting a good fraction of the entire plune, yeah.

D CDATO O nore.

ROBINSON: O nore which nmeans that in that sense you're
getting a little bit of dilution by drawing that nuch water.

Now, that's the groundwater protection portion of the
regul ation. The individual protection standard renmains a
| ower level and we use a distribution in the PA cal cul ations

for that. Distribution of acre feet per year.
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SAGUES: We'll have to continue that one later. W have
one nore question fromDr. Reiter, Board staff.

REI TER: Leon Reiter, staff. | don't knowif it's a
guestion directed toward you, but you raised the issue of the
| arge hydraulic gradient. At the last neeting of the Board,
here was sone questions about to what extent this is included
in calculations and we | earned that, indeed, that in the
TSPA/ SR Rev OO, the presence of the repository over the |arge
hydraul i ¢ gradi ent was not included. They used the old EDA-2
design. In your present calculations of both the hot and the
cold, do you include the presence of the |large hydraulic
gradi ent and how would this affect, for instance, travel
times in the unsaturated zone for that particular part; two,

t he existence or nonexi stence of drifts underneath the
repository because in some situations it would be fl ooded
when the water rose; and three, tenperatures in the saturated
zone, particularly after 600 years and you still have high

t hermal pul se, but your water was 100 nmeters higher, how
woul d that affect the tenperatures in the saturated zone and
how woul d it reflect the novenent of vapor upwards?

ROBI NSON:  Ckay. There's a variety of questions there,
sonme of which obviously touch on the unsaturated zone, as
wel |l as the saturated zone. | guess if you're tal king about
water rise, you know, there's--we can't distinguish between

the two because it's a conbi ned system But, the anal yses
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t hat have been done--and we intend to | ook fromthe

unsat urated zone perspective at this in nore detail through
cal cul ations that we haven't done yet--but basically, the
anal yses have shown that you still w Il be unsaturated, |
believe, at the repository level even if the repository were
ext ended sonewhat north. It's a few hundred neters and
you're starting to creep into the large hydraulic gradi ent
area, but | think the anal yses perfornmed by other people--and
Rob's going to help ne here, | think--is that it will remain
unsat ur at ed.

HOMRD: A couple of key points for you, Dr. Reiter. |
had a feeling this question was going to cone up at this
neeting as it has several tinmes in the past few nonths. ']
see if | can address it a little bit in nore detail here.

The issue with what's the effect of the |arge
hydraulic gradient and the water table rise, in the science
and engi neering report, we suggest that the maxi mum water
table rise is about 120 neters. For a future climte induced
water table rise, the northernnost enplacenent drifts of the
repository |ayout near the |arge hydraulic gradient would
remai n about 80 to 90 neters above the water table. And, Bo
gave you a little indication of that yesterday, as well. For
the TSPA/ SR, the effects of the water table rise were
i ncorporated by including a uniformrise of approximtely 120

nmeters below the repository. So, in the inplenmentation, the
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rise in water tables included for all climate states that are
Wi thin our current climte states. So, it persists after 600
years. The effects of the water table rise on a the |large
hydraul i ¢ gradi ent, as you have pointed out, are not
explicitly included in the TSPA inpl ementation.

Al t hough as Bruce just explained and as Bo
expl ai ned yesterday, in the process |evel work that we've
done in Volune I, we're including the footprint and the | arge
hydraulic gradient in those anal yses. Performance
i nplications--and Bo gave you sone yesterday, Bruce gave you
some today--it can be drawn not by | ooking at TSPA
cal cul ati ons because we want to | ook at our process
under standi ng that, the TSPA inpl enentation, first.

The percolation fluxes are generally lower in the
nort hernnost regions of the repository. The nunber of
radi onuclide particles released in the repository that reach
the water table on a nedian infiltration case is generally
| ower in the north.

What else can | say? Onh, the flexible design
approach, you know, we were |ooking at the thernma
inplications mainly and the SSPA weren't |ooking at the
explicit design features. W use these footprints as a point
of departure. The approach for taking--if there's a
performance inplication, the flexible design will allowus to

make adjustnents and, in fact, if there are performance
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related inplications of a water table rise in the
northernnost drifts, we can incorporate that by changing the
design footprint. So that's, in general, how we're
addressing this issue. There is a discussion of it in Volune
l.
Wth respect to the water novenment fromthe thernma

anal ysis, we have not done any recent evaluations w th what
t hose effects are. So, | hope that helps a little bit. If
Bruce or Bo wants to adjust nmy thinking on that, | would
certainly welcone it.

SAGJES: Cdearly, we are not going to have tinme for nore
di scussion. W're going to go straight to the | ast
presentation. The next presentation is by Dr. Bob Andrews
fromBechtel SAIC and it's going be on integration of
suppl enent al sci ence anal yses and nodels into the
suppl enent al TSPA nodel

ANDREWS:  Thank you. What 1'd like to do nowis do a
little transition fromthe tal ks that we've heard this
norni ng and yesterday afternoon which, nore or |ess, wal ked
t hrough each of the salient rows of the table that Bil
started you with yesterday at 1:00 o'clock. W' ve wal ked
t hrough the systemthrough the UZ, the engineered barrier
system the environnents on the package, the package, inside
t he package, then back into UZ wth UZ transport, unsaturated

zone transport. W have not touched on disruptive events,
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the vol canism and seismicity issues. There are sone aspects
of those included in the SSPA and sone changes that Peter

tal ked about yesterday afternoon and we have not touched on

t he bi osphere. There were sone slight nodifications in the
bi osphere. Generally, those differences were on the order of
a few percent different fromwhat was in the TSPA/ SR Rev O

VWhat | would |like to do is then kind of pull it
t oget her, those aspects that have been tal ked about and say,
okay, now, many of the presenters have tal ked about
performance inplications of that part of the systemwthin
their part of the systemand now we're going to tal k about
noving their parts of the systeminto the total system and
the integration of all of that information, that new
information. Sone which didn't change what was in the
previ ous nodel s and sonme of them which did change what was in
the previous total system performance assessnent nodel s.
After lunch, Mke Wlson will walk through the results, your
subsystemtype results and systemresults. You saw an
initial preview of that yesterday, but Mke will go into nore
detail on those.

So, | want to wal k through the integration of this
new i nformati on and why it was incorporated into the therma
system performance assessnment and | ook at some exanpl es of
things that were not included. The things in this table, you

know, these Xs and the Xs with Ts--Rob had Xs with Ts
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yesterday--this one just has the Xs, the things that nove
fromthe component level into the systemlevel. W' ve talked
to the Board and Bill Boyle presented to the Board back in
January roughly 30 things that we were | ooking at. You know,
the nunber of rows on this table actually grew to 80-ish, but
not all of those. They all have a performance inplication,
but not all of them have been incorporated into the total
system performance assessnment. | think it's worthwhile
spending a little time on what nmade it into the total system
performance assessnent and what did not and why.

Let's go onto the next slide. So, one of our goals
in doing the TSPA part, there's a lot of goals that Bill and
Steve tal ked about with respect to each individual scientific
conponent, those goals being a nore thorough investigation of
unquantified uncertainties; you know, evaluation of
addi tional closure processes, |ook at thermal operating
nodes, and the potential effects it may have on coupl ed
processes and therefore on performance inplications of those
coupl ed processes, and finally other lines of evidence
i ndependent of total system performance assessnent that hel ps
support that case. The previous speakers went through
synopses summaries of that information. But, now, we want to
tal k about the last part of it. What are the inplications
froma total system perspective of this new information, the

thermal information, the high-tenperature operating node
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versus | owtenperature operating node, and the new scientific
i nformation, some of which being to address the unquantified
uncertainties issue.

The third bullet on here is a very inportant one.
The Board pointed out to us in, | believe, Septenber, again
in their formal sunmmary of the issues in January, that
coupl ed processes, sone aspects of coupled processes were
making it difficult to discern what could be potenti al
differences for different thermal operating nodes. That's ny
par aphrase, you know, you have the actual quote in your Board
letters. And, it is true in the Rev Othere were a nunber of
t hermal dependencies that were in the nodels and in the
anal yses, but there were other thernmal dependencies that were
not in the nodels and anal yses. So, we added a nunber of
t hermal dependencies into the nodels anal yses--nmany of those
were tal ked about by the previous speakers--in order to see,
when we conbine all these thermal dependencies or as many as
we thought were relevant--and we'll tal k about which ones
were relevant here in a second--into the anal yses doesn't
make any difference at the systemkind of |evel.

Let's go onto the next slide. So, how do we
eval uate that the first goal was to evaluate the potenti al
significance of new information, whether that be unquantified
uncertainty or that be new scientific information collected

inthe field or in the |laboratory? It gave a | ot of
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different ways within the suppl enental science perfornmance
analysis. One is at the conponent |evel, at the individual
process |level, an analysis was done, conparisons nade.
I ncl usi on or exclusion of thermal dependencies, inclusion or
excl usion of coupled processes didn't nake any difference.
They al so used other |ines of evidence to support their
conclusions in Volune I. Mst of that has been tal ked about
here. There's other exanples in the actual text. 1In
addition to those and Mke is going to tal k about sone
exanpl es of these after the break, is a nunber of one-off
type sensitivity anal yses were done. You bring the new
i nformati on, whether that the unquantified uncertainties or
t hermal dependency or thermal operating node, into the system
| evel and see just fromthat one thing did it nmake any
difference or not and do it at the kind of subsystem | evel.
This is not dramatically different fromthe barrier
i nportance, barrier neutralization type analyses that are
docunented in the baseline TSPA which the Board has revi ewed.
The next part of the approach is to conbine all the
rel evant conponent nodels that did change into that TSPA and
we're going to talk about that here in a second. And,
finally, the reason for doing that, as a side note, was to
make sure we had as many thernmal dependencies in the nodels,
in the analyses in order to discern whether there was any

significant difference at the systemlevel of different
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t hermal operating nodes. You have seen, you know, from Bob
MacKi nnon, from Bo, from Pat Brady thermal dependenci es of
their nodels and we want to incorporate those therm
dependencies into the TSPA, those that were different or
caused a difference.

Let's go onto the next slide. Okay. The next set
of viewgraphs relate just those things that were not
i ncluded. Those things that, if you will, didn't make it
from Volune |, even though they had a performance inplication
and the potential performance inplications described in
Volune |, that did not make it into the total system
performance assessnent. One, there are sone exanpl es where,
yeah, a revised nodel was done in order to address
unquantified uncertainties where the probability of that
revi sed nodel was deened to be too low or sufficiently | ow
that its inclusion in TSPA was not warranted.

Secondly, and a | ot of exanples of this exist, at
t he conponent level, that is at that subsystem or conponent
| evel, the change was insignificant. Yeah, there was a
change. There is a difference, but that was deened to be
insignificant and therefore not propagated into the system
| evel analysis. There were sone exanples that even if they
were brought into the systemlevel, they were deened
insignificant. So, they did not nmake it into the totally

revi sed nodel
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There are other exanples. |In fact, we were just
tal king about one a little while ago on the drift shadow
effect, very real, very physical, but still somewhat
uncertain. Sone of the uncertainties that Dr. Bullen
menti oned | ed one to say, yeah, that could be real. Perhaps,
we shoul d include, you know, ultimately in future TSPAs, but
right now the | evel of uncertainty was such that
incorporating it would be on the non-conservative side, even

perhaps not on the optimstic side, but on the non-

conservative side; i.e. leading to | ower doses.
There are other exanples of those. You know,
transport fromthe package to the invert, Bob MacKi nnon

tal ked very briefly about that. Very prom sing, but not--and
| think some results were presented to the Board in May on
the potential effect of that. Those results are in the
docunent, but it was not incorporated into the suppl enental
TSPA nodel. In addition, sone of the things that Jimtal ked
about with respect to the UZ transport nodel, the change in

the UZ transport nodel were not included in the suppl enental

nodel .

And, a final reason--and Greg had an exanpl e of
this is the nodel--in this particular case the generalized
corrosion nodel that Geg tal ked about and Jerry Gordon is

going to talk nore about this afternoon--is still at the

conceptual stage. [It's not ready for incorporation into the
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final TSPA.

| believe the next slide is corrupted. So, we're
going to switch to a few exanples. In fact, you have this in
your handout. Now, this is an exanple, in fact, that Bo
presented yesterday and | believe all ny exanples either Bo
or Bob MacKi nnon tal ked to yesterday. The reason | chose
t hese exanpl es--there's many ot her exanpl es that individuals
have presented; you know, Pat Brady had the pH that didn't
change much, etcetera. The reason for putting these exanpl es
is | wanted to focus on the coupled process ones. The
coupl ed processes and interaction of processes in the rock,
interaction of processes in the drift is very inportant and
correctly and appropriately accommodati ng that coupling
bet ween t her no- hydrol ogi c. Ther no- hydr ol ogi c- nechani cal and
t her mal - hydr ol ogi c-chemi cal processes may yield different

performance results. Sonme of those were not incorporated in

t he suppl enental TSPA. In other words, they were screened
out, if you will, at the process level. Their significance
deened to be insignificant at the process |evel.

So, I'"'mgoing to wal k through four of those. Two
of them are therno-hydrol ogi c-chem cal ones and two of them
are therno-hydrol ogi c- mechani cal ones. There are two
different scales. At the nountain sort of scale, a nunber of
anal yses were done that are described in Chapter 3 of the

suppl enent al sci ence performance assessnent and these are
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al so changes at the drift-scale and those are docunented in
Chapters 4 and 5.

The first one is a nmountain scale THC where the
anal yses that have been conducted--generally, you have to
| ook at the top plot there or it's discernable in the actual
handout and in the text--indicate that the fracture porosity
has changed by |l ess than 1 percent. There's a change of |ess
than 1 percent. The fracture porosities are on the order of
roughly 1 percent in the current nodels. So, a change of 1
percent is insignificant given that it's 1 percent. So, if
you will, it's a .01 percent effect. That's insignificant
with respect to perneabilities and insignificant with respect
to transport characteristics of the fracture-matrix
interactions and therefore wasn't included. These particul ar
results are at the higher thermal operating node which woul d
be nore stressful, you know, of the systemfor the change in
porosity due to therno-hydro-chem cal effects. It is true
and the docunent points out that those effects are expected
to be less at the | ower operating nodes. So, cooler
t enperatures woul d have | ess of an effect on therno-
hydr ol ogi c- chem cal

| believe, John, the next slide works, right?
Yeah, okay. This is another exanple that Bo showed part of
the story of. He showed this figure with respect to

stresses. These are therno-hydro-nechani cal now. Stress
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changes in the nmountain i nduced by a high-tenperature
operating node and a | owtenperature operating node. This is
the effect now, you know, of that stress change. Stress
itself doesn't do nuch, but stress does change or could
change rock mass properties and fracture perneabilities.

And, in fact, it does. You know, for the high therma
operating node, these anal yses show that the vertical
perneability which would |ike of affect distribution of flow
vertically through the nmountain change by roughly--or maximum
change by roughly a factor of 10 in the upper 100 neters and
decrease by less than that sanme factor of 10, you know,
slightly above the repository. So, you can go divide by 10
or multiply by 10. But, these changes, the overall rock mass
pernmeability, the fracture perneability of the rock mass, is
quite variable and quite uncertain. So, these changes are
wel l -within the bounds of the variability and uncertainty of
the ambient, if you will, rock mass that we have. So, they
were al so not incorporated. The changes are expected to be

| ower at the | ower thermal operating nodes. The |ess stress
you're applying, the less stress would be | ess change. But,
the fact that even at the high thermal operating node, they
didn't change significantly and these are all new analyses in
t he suppl enental science performance anal ysis docunent and
implied no need for incorporation into the TSPA

The next slide goes through therno-hydro-nechani cal



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

287

changes at the scale of the drift. The left hand side is for
t her no- hydr ol ogi ¢ processes al one and the right hand side for
t her no- hydr o- nechani cal processes. The bottomtwo slides
show t he changes in flux around--or not change, but the

absol ute values of the flux around the drift incorporating

THM processes or not incorporating THM processes. They are

virtually identical. The blues are slightly different.
These are at a tine of--it's not shown on here. | believe,
it's the tinme of about 1000 years. |'d have to verify that.

But, again, the changes in the flux induced by the therno-
hydr o- mechani cal response of the rock mass is relatively
insignificant at in this case the high thermal operating
node. So, therefore, the need for inclusion of themto
eval uate the differences between high and low in the
suppl enental TSPA are mninmal, and therefore, they were not
included. 1In other words, it was a process evaluated at the
process level, we believe, appropriately and at the process
| evel differences discernable, but no need to include those
in the suppl enental TSPA.

Let's go to the next exanple which is also a TH
which is again a THC effect at the drift-scale. | believe
these are results that were in Bo's presentati on yesterday.
We | ooked at two different conceptual nodels because there is
conceptual nodel uncertainty in many of these aspects and

t hese happen to be at the high thermal operating node. But,
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again, the changes in perneability are roughly factors of 2,
you know, in and around the drift and changes in perneability
of roughly factors of 2 around the drift are insignificant
given that the range of perneabilities used in the seepage
cal cul ations which is where drift-scale kind of changes
become i nportant, the range of perneabilities used in those
anal yses is about 4 as a nmagnitude. So, factors of 2, given
that | have 4 as the magnitude variability, in the fracture
permeability in and around the drift inply no need for
inclusion of that change in the TSPA. So, therefore, they
were not included in the TSPA

Let's go onto the next slide. ©OCh, there are a
nunber of other exanples and they're probably too nunmerous to
mention. | probably shouldn't even have attenpted to try to
put themon a slide. But, the other exanples, you know, are
in the table. You know, if sonmething has an X, if you will,
in the first three colums, there's sone new information or a
new anal ysis or an unquantified uncertainty, sensitivity
study conducted, or a thermal dependency that was added or
m ght have already been there and it may or may not have

propagated into the |ast two columms of the table.

Let's go onto the next slide. Sone of the key
t hings that were included and this is also a partial |isting.
The table has the conplete listing and Peter's presentation

yesterday had the conplete listing of all the things that
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were incorporated into the total system perfornmance
assessnment in order to evaluate the total system

i nplications, as opposed to the conponent |evel sensitivity
anal yses. So, this is a subset, if you wll, of that. These
are the key ones that changed. And, when M ke shows you the
results, the reason for the change in the results and the
sensitivity and the insights that are gained fromthat change
inresults, Mke will talk to you about. But, generally, as
it's cone out fairly clearly in the presentations, a nunber
of things changed in the waste package. There were things
changed in the in-package transport and in EBS transport that
do have a significant change on the results. The solubility
al so was nmentioned as a significant change and that was
fairly clear how nuch that woul d change from Pat Brady's

tal k.

Let's go onto the next slide. The other reason, of
course, for trying to make sure we included things into the
suppl enent TSPA because one of the goals, as | said, in the
begi nni ng of the supplenental TSPA was try to do as
meani ngf ul a conpari son of high versus |ow thermal operating
node as we could. That is the Board's Question #3, if you
will. So, things that were not thermally dependent in the
TSPA/ SR Rev 0, we wanted to nake thernmally dependent. So, we
devel oped nodel s of that thermal dependence. The first one

was a nunber that has been di scussed several tines back | ast
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year of how i ndependent seepage was fromthe therma
condition. So, we nmade seepage dependent on the therma
conditions. A lot of the anal yses done of thermally-driven
seepage at both the high operating node and the | ow operating
node. Bob MacKi nnon tal ked about the next one, the change in
evaporation and liquid saturation in the drift itself being
driven by the thermal operating node. So, not just the
hum dity, but also the evaporative fluxes and the liquid
saturations were included in the suppl enental TSPA

Bob talked a little bit about the in-drift
chem stry and its change as a function of thermal operating
node and tenperature. That was not included in the Rev O
TSPA. And, finally, one that was nentioned this norning by
Greg was the thermal dependency--1 probably shouldn't say TH
effects there, | should say just T effects on corrosion
rates--the thermal dependency of the corrosion rates. 1In
order to discern does the thermal dependency or potenti al
t hermal dependency of corrosion rate, how does it change the
results and woul d you discern any difference froma high-
t enperature operating node froma | owtenperature operating
node? There are a nunber of other nodels. Rob in his
handout, you know, all the ones with the T in there or those
nodel s or anal yses that were thermally dependent incorporated
in the suppl enmental TSPA.

Let's go onto the next slide. O course, all the
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things that are directly thermally dependent, you know, the
hum dity, the tenperature on the drip shield on the package,
the tenperature inside the package, the fluxes, the invert
saturations, and the seepage fractions, those are all direct
thermal |y dependent. So, those were, of course,
i ncorporated. Bob MacKi nnon showed you the range of results,
you know, fromthose that were directly incorporated into the
suppl enent al TSPA.

Let's go onto the next slide. So, we've
i ncorporated those things that we deenmed necessary sufficient
to incorporate into the supplenental TSPA. The things that
had a basis at the conponent |evel for not inclusion in the
suppl enental TSPA were not included. You know, our
prioritization was driven by thermally dependent issues
because the main reason for devel oping that nodel was to | ook
at the differences between high and | ow thermal operating
nodes and the effects of unquantified uncertainties. So, the
Board's first and third issues, if you will. And, sone of
those things were either not thermally dependent or were
insignificantly thermally dependent. So, they were not
i ncl uded.

So, | think 1'll stop there. Mke wll present the
results after lunch and entertain any questions, M.
Chai r man.

SAGJES: Dr. Andrews, once again, you have proven to be
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the dream presenter. You have brought us back to schedul e.
The first question is fromDr. Christensen.

CHRI STENSEN:. Clearly, there was one or nore significant
changes in terns of the effects of thermal coupling. It was
illustrated actually in the presentation Peter Swift gave
yesterday, his Slide #13 which sinply shows the dose response
with the effects of the early weld failures and the therma
coupling to corrosion. | wanted to ask this question
earlier. There's a dramatic shift in the timng of the
response in that curve. And, ny question really pertains to
the difference between the high and | ow thermal nodes in that
there seens to be sone significant departure early-on, the
first 10,000 years. The next roughly order of magnitude of
time between 10 and 100, they roughly are the sane and then
about between 100 and 1, 000, 000 years, the thernmal operating
nodes differ again; in sone cases, alnost an order of
magni t ude as you're beginning to see these climatic events
having an effect. | guess, ny question is why does therm
operating node matter after 100,000 years? Wat's happening
that is making those curves differ in that tinme period? Wy
is it showng up? It seens like so distant fromthe early
tenperature effects. |Is it sonething that happened early-on
that now we're seeing it later or--

ANDREWS: |1'd have to defer to M ke.

BULLEN: Bullen, Board. This is actually to Mke's
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Slide 11 that he's tal king about.

CHRI STENSEN: It's actually Slide 13 or about--

ANDREWS: It m ght be better to wait until M ke stopped
and- - because M ke's going to go through the result set.

CHRI STENSEN: If it's comng up later, that's fine.

ANDREWS:  Yeah, why don't we pass it if that's okay.

CHRI STENSEN:  Ckay.

ANDREWS: | just gave hima good warning. That's nice.

CRAIG There's clearly been a ot of progress. Craig,
Board. There's clearly been a I ot of progress in responding
to the Board's concern and | certainly have to congratul ate
you and the program on what you' ve done in sharpening up the
conversation. | still amfeeling a certain sense of
frustration in ternms of actually getting ny brain around what
the uncertainties are. Now, there are a |ot of additional
runs and one can conpare how nmuch the runs differ, but there
are issues relating to what are the--what are key paraneters
that really matter and what are the uncertainties that are
associated with those? | raised such an issue early-on where
you took a uniformdistribution wwth a very sharp cutoff on
the ends. That was sinply stated with nunbers, but no
uncertainty, no discussion as to where that cane from O to
take the one that was tal ked about earlier today that | felt
was really interesting was in Joon Lee's Figure 5 which tal ks

about the stress corrosion cracking. Here, you have sone
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data points which show no effect, but there's huge anbiguity
about how you extrapol ate from 2500 hours out to 10, 000 or
100, 000 years and how you do that matters. |[If you're trying
to fit a functional form you really would |ike to have sone
way of figuring out what kind of uncertainty bounds to put on
t he paraneters. That kind of a conversation, it seens to ne,
needs to take place. This is a good lead-in to the
conversation of what we've been doing today, but it doesn't
get to the job in ny judgnent.

ANDREWS: | think to be fair, we have to | ook at many of
t hese changes, many of these rows, and | think the one you're
menti oned fromJoon is a good exanple. Those things that
changed in the stress corrosion cracking representation is in
some ways alternative representations. You know, you conpare
A and B. W didn't sanple, if you will, between A and B nor
did we go outside B. You know, | think Joon and Jerry tal ked
about that plus or mnus 80 percent as the one exanple as
opposed to--not plus or mnus 80 percent, but 80 percent of
yield than going from80 to 90 percent versus the very
conservative assunption that was nmade in Rev 0 and
acknow edged in Rev O of between 20 and 30 percent. Jerry
poi nted out there are data that indicate it could be even
hi gher, significantly higher, than the 80 to 90 percent, even
up to 200 percent, | believe. W could have sanpled, if you

will, from80 to 200 and seen, well, what's the difference
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there? You mght better ook at it as Mddel A versus Model
and a conparison between those two nodels where the thing
that's different nowis the percent of yield strength before
you initiate a crack. One is 20 percent, 20 to 30 percent,
and one is 80 to 90 percent. W could have said new data
indicate it's up to 200 percent, |ower bound is 80 percent.
So, sanple between 80 and 200 percent. But, | think you can
get at the sanme question by just |looking at the two, if you
will, alnost point values, 20 to 30 versus 80 to 90 as an
alternative representation, alternative nodel. And, many of
t he exanpl es throughout here, yeah, froma total system

per formance assessnent perspective, they can be kind of
paraneterized. But, at the individual process level, it's
really alnost alternative nodels. You know drift shadow
effect is an alternative nodel, an alternative
representation. You know, the fracture-matrix coupling that
Jimtal ked about is really an alternative nodel, an
alternative representation. Those, you'll be conparing A

versus B, not the full suite of sanpled distributions.

CRAIG That's a good answer. | wouldn't |ook at the
drift shadow as being an alternative nodel. | think that's
not the way to conceptualize it. | think it came out very
clearly in Jimls presentation that actually it was in the

nodel , but you didn't see it because of the grid size. And,

B

now, they went back and changed the grid size and you can see
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it. So, it seens to nme that that's an exanple of an effect
which is a very, very real effect and it may not be devel oped
enough for you to include, but the reality of it seens highly
i kely and that has a huge advantage that you can test it
experinmental ly.

ANDREWS:  Unh- huh, that's true.

SAGUES: Ckay. Dr. Bullen?

BULLEN: Bullen, Board. Actually, I'd like to echo ny
col | eague, Paul Craig's, comments and conplinent the project
on sort of your quick response to the four issues we've
rai sed and maybe to the PA program in particular, because
you' ve done sort of a Herculean effort. Yesterday, | may
have sounded like |I was conplaining that we have 1300 pages
to review, but | wanted to basically state that, you know,
we're very pleased that you' re as responsive as you are and
that we get these multiple volunmes. Never nmaybe as tinely as

we'd like, but we get these nultiple volunmes of new

i nformation.

Along those lines, | actually wanted to ask a
coupl e of questions that are nore philosophical. Do you
think the results are nore representative of actual

performance based on the fact that you've used the
i ncorporated unquantified uncertainties and you' ve adopt ed
maybe nore realistic nodels? So, do you think you're getting

closer to what the predicted or real performance m ght be?
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ANDREWS:  Well, | don't know what the real performance
is. I'mnot so ormmiscient. But, | think there's a |ot of
good work to address, you know, the degree of conservatism
that we acknow edge we have in the Rev 0 TSPA. And, in a
coupl e of cases that don't conme out here, sone optimsm You
know, one or two cases have potential optimsnms. |'m not
sayi ng we' ve eval uated every single conservati sm because we
haven't, but at least | think we have a better understanding.

We, | hope, have provided greater insights by these

expl oratory anal yses, insight producing anal yses, of what
coul d be the range of possible performance. | don't want to
say it's better or worse than what was in TSPA/SR Rev 0. |

| ook at themas all exploratory, you know, trying to explain,
col | aborate degree of conservatismor | ook at that potential
optim sns that may have been in the Rev 0 TSPA docunent which
al so uses the basis for the science and engi neering report.

BULLEN: Bullen, Board. Just a quick followp, maybe
even a yes/no question. Do you think the effort was

beneficial to the progranf

ANDREWS:  Yes.

BULLEN: Thank you because we get criticized when we ask
t hese questions and you just said it was beneficial. So,
maybe it's not as bad as--

ANDREWS:  Well, | shouldn't have maybe just stopped at

yes. | think, you know, everybody acknow edges there's
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uncertainties in the analyses, in the nodels, in the TSPA. A
| ar ge nunber of those uncertainties require additional

i nformation, additional analyses, additional data, additional
testing. W' ve tal ked about sone of the additional testing
done and anal yses done in the last three or four nonths not
only to address the Board's concerns, but to address our own
desires to nore fully evaluate the uncertainty. The testing
is not over. | nean, there are a nunber of tests the Board
is well-aware of that are usually briefed every three nonths
fromthe testing organization, from Mark Peters and ot hers,
on the status of the ongoing testing to help confirmthe
coupl ed processes, to |l ook at the corrosion processes in
greater detail, the waste formtesting continues, and | think

Russ Dyer presented to the full Board in January about the

kind of continually |earning and stressing and pushing the
nodel s. | think that's what we've done in the |ast three or
f our nonths.

SAGUES: Thank you. Jeff Wng?

WONG  Anot her easy question. On Slide 5 on your fourth
bull et, you say that the nodel is sufficient uncertain that
t he i nclusion would be non-conservative. Can you kind of
expl ain how you arrived at sufficiently uncertain? Ws it
you were afraid that the potential upper bound was too
optimstic? Sufficiently uncertain, it varies four orders of

magni tude, five, two tines, four tines? How did you nake
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t hat deci si on?

ANDREWS: It was nore qualitative and subjective.
think a | ot of good work--you know, I'Il take the exanple of
the drift shadow effect. This was nmentioned to the Board
back, | don't know, eight nonths ago or so as a potential,
very conservative assunption that was in the baseline TSPA at
that time. A lot of work has gone on, you know, to | ook at
it froman analysis point of view \What would be the
potential, if you will, benefits for the inclusion of that
particular process into the TSPA. A lot of work went on at
t he conponent |evel, but as was pointed out, there's a |ot of
good enpirical observations, a |ot of good conceptual
understanding of it, but no direct field, if you wll,
observations at Yucca Muntain about the degree to which it
is or the degree present or its extent. You know, how far
does it extend? Is it one neter, 10 neters, 40 neters
beneath the drift itself? How nmuch effect is there of
| ateral processes or heterogeneities, both fracture
het erogeneities and matri x heterogeneities? So, we kind of
bel i eved, although it's still very, very prom sing and
ongoi ng work is being planned and conducted from an anal ysis

point of view and froma testing point of view, we believe at

this point in time--1 nean, all these are kind of snapshots
intime--at this point in time, inclusion of it, direct
inclusion of it, would be on the optimstic side. So, it was
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nore of a--1 don't want to put a nunmber on it, a factor 2, a
factor 10, but we believe inclusion of it was sufficiently
uncertain at this time. That it was better to exclude it.
Part of it is a flat out of time issue, too. You know, we
had to stop sonepl ace and, as sonebody said yesterday, we
kind of stopped in the April/May tinme frame on new
information and incorporation of that directly just wasn't
possible in the tine.

WONG  So, there should be a sixth bullet down there,
ran out of time.

ANDREWS: Yeah. The nodel is still conceptual is kind

of the not enough tine bullet. Yeah, you're right.

WONG  Okay. Because | was going to ask you the node
is still conceptual was sinply the nodel didn't have any data
behi nd the idea.

ANDREWS: There is anal ytical data, but not directly

measured data to support it, yeah.

WONG  Ckay, thank you

SAGJES: W have the |ast question. Dr. D Bella, Board
staff?

DI BELLA: Bob, you said that you incorporated
tenperature's effect on corrosion rates into the TSPA for

SSPA and nmy question is ainmed at exploring to what extent you
made that incorporation. Geg Gdowski in his talk this

norni ng, | thought rather persuasively, showed how
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del i quescence could occur at tenperatures from | guess, 120
to 165 or nmaybe even higher than that because of the possible
presence of magnesi um chloride or cal ciumchloride salts.
Then, | take it to nmean that corrosion could occur,
generalized corrosion, in that tenperature interval from 120
to 165 and that--of course, the switch was turned off for
TSPA/SR. And, | didn't really hear anybody say that indeed

t he tenperature dependency of corrosion rate was inplenented
in this study being reported today for that tenperature
range, 120 to 165. Could sonebody clarify that it indeed was
or it wasn't?

ANDREWS: | believe it was included at tenperatures
hi gher than 100 degrees C, but | should | ook to Joon or Geg
to confirmthat for ne.

LEE: Actually, we did additional sensitivity runs
having the (inaudible) at 150 degrees C (i naudible) magnesi um
chl oride and that analysis was not and this is being added to
the Section 7 as we speak. And, the result is not much
different. The reason is that the tinme period we have the
hi gh-tenperature is nmuch shorter than (inaudible) waste
package (inaudible) and that the (inaudible) wll be added
into the Section 7.

DI BELLA: So, what we've seen today are what you had up
this norning?

LEE: Yeah.
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SAGJES: Ckay. W are testing time to go ahead and turn
the meeting over to Dr. Bullen. | would like to thank very
much today's speakers. W are going to have now, as
announced earlier this norning, a 15 mnute period of public
comment, Dr. Bullen?

BULLEN: That's correct.

SAGJES: And then, there's also a change in the
schedul ed tinme which we reconvene in the afternoon. |s that
BULLEN: Yes. And, in fact, | wuld Iike to have a
short public coment period. W have a couple nmenbers of the

public that cannot stay until later this afternoon. | want
toreiterate that there will be an additional public coment
period at the end of the neeting. This public coment period
Will run until 12:15 at the latest. W wll reconvene at
1:15. So, there will be a one hour period.

| have two people who are signed up, M. G ant
Hudl ow. Grant, did you want to speak now or do you want to
speak at a later tine?

HUDLON |'d |ike to now.

BULLEN: Now, okay. So, you're up first. So, if you
want to come to the m crophone here or cone to the podium
it's your choice.

HUDLOWN [|'m Gant Hudlow and 1'd, first of all, like to

t hank you for com ng here so that we can watch you struggl e
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totry to save the nuclear industry. 1In view of the previous
nmesses that the DOE has nmade, 1'd like to ask you to think
how nmuch or imagine, if you will, what kind of pain you would

be in as you're reacting to listening to i nexperienced
amateurs struggling to design the systemin your field.
That's what's happening to nme as | | ook at the canister
design, for exanple. 1In ny field, people contain 300, 000
barrels a day of flowing material with far nore dangerous
conmponents and conditions. This is rather amusing to watch
peopl e make the m stakes that you' ve nmade. Does the Board
feel that experienced people in this design are unavail abl e
or too much work to find then? [1'd |ike to hear what you
have to say about that or does the Board need additional
expertise itself to even realize that people with industrial
experience are needed in this project? For exanple, we have
t he 360 degrees C inside the canister and now that's gone.
That's not even being considered. The difference between 100
or 200 degrees C and 360 degrees Cwith the material that's
in there is an amazing difference. Wat happens when your
cooling systemfails and you hit the 360 degrees Cif you
don't have a design for it? The reason | nention that, it's
very sinple to design for that and it isn't going to cost any
nore than what you're already seen.

On another subject, I'd like to see an anal ysis of

why the plutoniummgrated a half of mle west in 50 years on
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the test site and why the radi onuclides mgrated out of the
tuff simlar to Yucca Mountain fromLos Al anbs to Cochety
(phonetic) Lake in a matter of nonths. W' re saying here
that it's going to be thousands of years to do that and we
have two exanples, one in case of years and the other one in
t he case of nonths where it did the sanme thing.

Thank you.

BULLEN. M. Hudlow, thank you very much for your
comments. Actually, you very aptly pointed out that we
aren't all omiscient and know everything on the Board. When
t he Board does need extra expertise, we are in the habit of
hiring consultants and experts to suppl enent what we've done.

Not necessarily at this neeting, but at subsequent neetings
and previous neetings, we have done that. So, in answer to
your question, the Board does try and address those issues
realizing that we have our own shortcom ngs.

Qur second public coment is fromM. Sally Devlin.

Ms. Devlin?

DEVLIN: Thank you, Dr. Bullen, and again welcone to the
Board and everybody that | see that |I've seen for eight
years, it's always fun having you here in Nevada. | wouldn't
be at a neeting and | m ss Russ Dyer because after every
nmeeting, we told dirty jokes and shaggy dog stories. So, |
brought you one. That is a hobo and his dog, dirty people,

were wal king down the street by a bar and the hobo says,
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"Cone on, Shep, let's go on in and maybe | can get a free
drink.” So, he says to the bartender, "I've got a talking
dog and the dog's nanme is Shep, and if he can answer three
guestions, wll you give us a drink?" And, the bartender
says, "Yeah, |'ve seen this before. Go ahead?" So, he says,
"Well, Shep, what's outside of a tree?" And, the dog says,
"Bark." And, he says, "Very good. GCkay. And, what does
sandpaper feel |ike?" And, Shep says, "Ruff." And, he says,
"Ckay." And, who is the world' s greatest baseball hitter?”
And, Shep says, "Wof." And, the bartender |ooks at himand
grabs them both and throws them out the door right back into
the gutter. And, the hobo | ooks at Shep and he says, "CGosh,
maybe it was Joe Di maggi o.

Thank you, thank you, old friends, good friends.
That's very kind. But, I"'mtelling you this joke--everybody
finally got it. Thank you, everyone. | appreciate that.
Anybody el se? Anyway, the reason | use this joke at this
time is, as | say, we have to get back to Pahrunp and then
we're comng in for the peer review tonorrow, | hope, at
Texas Station. But, the way | feel is everything that you
said and everything you said for years, it mght be Joe
Dimaggio or it mght be Ruth and everything that you have
presented, it's plus 3 or mnus 3 or it's this or that. And,
every one of your things is a disclainmer of one sort or

another. [It's like the ads you see on tv. Don't take this
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drug if you're pregnant, if you're nursing, if you' re falling
down, or you're dying because it m ght have an effect on you.
And, as the public has tried to understand all this stuff
and | really do understand an awful lot of it, I'msaying to
nmyself if | just canme and | heard--you know, you put in
Archie's comcs and now you' ve put in Josephine and all kinds
of new fun. And, | really do enjoy it and | say, gee, they
didn't talk, at all, about nmy bugs. Now, what if ny bugs
come in a canister wwth the rods fromHanford and they're
falling apart containers and they go up to Yucca Muntain?
How are my bugs going to mx with the other nountain bugs?

And so, if you don't | ook into nore mcrobic
i nvasion--1 haven't heard a word about it in these days and |
hope | hear a lot nore about it because | love it that the
Josephine and the Alloy 22 which are nickel and ny bugs, as
you know, |ove nickel. So, this is just one of the very
basic thing that means sonething to ne that you again are
di scl ai m ng because it's there.

The other thing is with the disclainmers and that is
you tal ked about the SSPA. W haven't seen that. | did read
t he huge engineering report which I carried yesterday and |I'm
saying to nyself they're lovely diagranms, they're | ovely
pictures, and | just love it that you give us choices of four
of this or four of that. Now, you want to put in four

swi mm ng pools. \Were are you going to put the water? What
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are you going to do when it | eaks? What if you have a
conpression fault? And, we do have themall the tine.
Renenber, we're basin and range and the water is always
sinking. | was just out at the test site and the water sank
froma well. GCet the docunentation on Well-54 in Area 5. It
j ust happened over in China. So, we're seeing things and I'm
saying to nyself | hope you continue nodeling for another 20
years because | think you' re anything, but ready, to go to
law with this and I'"'mvery interested to see what cones

t onor r ow.

The last thing | want to | eave you with because, as
| say, this whole thing to me has been a disclainmer and |
want to thank Linda and Linda for bringing the Congressional
Report because Dr. Cohon, who | just |ove, he wote four
things that he wants this to contain or be a what-have-you
The fourth one is devel opment of nmultiple lines of evidence
to support the safety case of the proposed repository.

Well, safety neans a great deal to ne since | live
in the shadow of Yucca Muntain, as far as | am concer ned,
with no transportation and you don't talk noney which again
don't care for. But, he says the |lines of evidence being
derived independently of performance assessnent, and thus,
not being subject to the limtations of performance
assessnment. And, this again is DOE-ese. If you can tell ne

what that little paragraph said, | will eat ny hat. Can
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anybody tell me what that neant? This whole thing is full of
t hese kinds of disclainers that are not in English. So, | do
hope that by the tinme we have the next conference--and |'m
sorry that Abe and other people aren't here to hear this
because they're the ones doing this and I just net another
attorney who is witing the licensing. It cannot be ironclad
when the whole thing is disclaimed. So, may | hope that nore
and nore, rather than go 10,000 years out, ny concern is the
disclaimer for the first 300 years and what you'd |love to do
to us, not only with all of the different--the 97 maybe
nmetric tons, the different containers, and the different
stuff. | have asked Al an Benson any nunber of tinmes for the
information of what the DOD stuff is and | will say it to ny
dyi ng day, you cannot put classified waste in ny nouth
because if ever there was a disclainer that is absolute
unacceptable to the public, that is it.

And, with that, I"'monly going to | eave you with
one ot her thought which I'mtaking right fromour contents of
the nmeeting today. That is this unqualified uncertainty,
being the great toastmaster that | am is unacceptable.
want sonething that is not unqualified and that certainly is
not uncertain. And, when you can insure the public that you
have both of these, we m ght be content and not hear yelling
at you like | always do.

Thank you agai n.
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BULLEN: Thank you, Ms. Devlin, and in fact, | don't
think you ever yell at us. You're always forthright and very
honest .

The coment 1'd like to respond to is maybe we are
alittle bit DOE-1ike or DOE-ese when we ask our questions.
If you take a look at the fourth point that's in our letter
to Lake Barrett and in our nost recent report to Congress, |
think we're asking for things that aren't tied directly to
conputer nodeling. So, we would like things |ike natural
anal ogs and we would |i ke other |ines of evidence or other
expl anati ons of physical phenonenon that don't necessarily
get changed when you tweak a certain paraneter in a code that
will allowyou to match data to a nodel. So, we're | ooking
for a fundanental understanding. W appreciate conpletely
the fact that this has to be open and transparent to not only
us, but to the public.

The other one that 1'd like to address is we've
been using the term"unquantified uncertainties" and not
"unqualified". Unquantified neans--

DEVLIN. | know -

BULLEN: Yeah. No, no. But, unquantified in our case
means we would really Iike to see sone nunbers ascribed to
it. GCkay? So, that's just sort of alittle bit of a help.
| hope it hel ped you out in understanding what the Board

means. And, if you ever have a question, just give ne a call
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1 and we can discuss it and that wouldn't be a problem

2 Right now, | would |ike to nmaintain the one hour
3 lunch hour. So, regardless of the fact that I said we'd be
4 here at 1:15, please, cone back at 1:10 at which point ny
5 esteened col |l eague, Dr. Christensen, will reconvene the

6 neeting.

7 (Wher eupon, a luncheon recess was taken.)
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AETERNOON SESSILON

CHRI STENSEN: Qur chairman tells me we have a quorum of
Board nmenbers. So, we'll go ahead and begin. | think that
others will join us nonentarily. [I'm Norm Christensen. [|'m
a menber of the Nucl ear Waste Technical Review Board and |I'd
like to welconme you to this final session of the Board's
Performance Assessnent and Repository Panel Meeting devoted
to the Departnment of Energy's supplenmental science
per formance anal ysis or SSPA report.

W' || start off this afternoon's session with a
presentation by Mchael WIson of Sandia National Labs on
Total System Perfornmance Anal yses and Results based on
revisions to the individual input nodels that we di scussed
yesterday and this norning.

After that, we'll have a series of presentations on
how t he SSPA provides insights on the Board' s four priority
areas nentioned yesterday. Kevin Coppersm th of Copper
Consulting will address the quantification of unquantified
uncertainties and conservatisns in performance assessnent.
Jerry Gordon of Bechtel SAIC will address progress in

under st andi ng fundanental processes of corrosion. JimBlink
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of Law ence Livernore National Labs will address the
conpari son of high and | owtenperature repository designs.
And, Ardyth Simmons of Law ence Ber kel ey Nati onal
Laboratories wll address the devel opnent of nmultiple |ines
of evidence. Bill Boyle will cap off the afternoon with
concl udi ng remarks on the SSPA.

After that, we will have a session of public
comments, and if you would |i ke to make comments, |'d
encourage you to please sign in the back of the roomat the
tabl e near the back door.

Mke, | invite you to the podium As | nentioned,
M ke Wl son is Sandia National Lab where he's been for the
past 12 years. He's currently a principal nenber of the
technical staff working on total system performance

assessnent for Bechtel SAIC.

WLSON: | didn't make a list of people contributing to
this, but make no m stake, I'monly representing a | ot of
ot her peopl e here.

Let's go onto the next slide. 1'mgoing to talk
about a little rem nder of what we nmean by the TSPA base-case
nodel and then some of the one-off sensitivity anal yses that
we did with the base-case nodel. Then, a little rem nder of
what the TSPA suppl emental nodel is and then close out with a
nunber of results for it.

Next slide. Okay. Wat | nmean when | say base-
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case nodel is the Rev 0 nodel that canme out |ast Decenber
In that nodel or in that report, we considered two scenari os,
t he nom nal and the igneous disruption. Nom nal basically
means everything that is pretty nuch expected to happen, and
in this case, it nmeans everything except igneous disruption.
|"mnot going to be discussing igneous results, at all, in
this talk. Peter touched on them yesterday and nost of the
people who are really interested in it are at a different
nmeeting on that subject today. So, |I'"mnot going to get into
it, at all. The technical basis for the base-case nodel and
results are in the process nodel reports and AMRs that cane
out |last year, over 100 AVMRs and, | don't know, what is it,
10 PMRs, sonething like that. As you all know, in sonme of
the areas, uncertainty was addressed by ne as conservative
assunptions or sinplified nodels. That's been a point of
contention and al so the design that was consi dered the base-
case for that was relatively hot and includes tenperatures
above boiling for hundreds of years.

Next slide. Sensitivity analyses, this is sonme of
the one-off sensitivity anal yses that have already been
menti oned by several people. 1'mgoing to just give four
exanples. The first three are the ones that | think when we
get to the supplenental nodel results and, in fact, that you
al ready saw yesterday, the first three are the things that

have the greatest visual inpact on the changes going to the



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

314

suppl enental nodel. To start with, there's what we call the
extended climate subnodel. That is in the base-case nodel
the climate was only changing for the first couple of

t housand years, and after 2000 years, there were no climte
changes in the nodel. And, since then, a nore realistic

| ong-term nodel has been devel oped including cycling between
glacial and interglacial climtes over 1,000,000 years. This
is the result. Because of the glacial clinmates, every so
often you get these spikes in the releases and in the doses

associated with the glacial climate. They don't show up as

well, but they're little dowward spi kes associated with the
interglacial climtes when it's dryer. The very first
glacial climate is represented by this increase here and the

first interglacial is by that decrease. So, this is show ng
that going fromthe base-case nodel to including the nore
realistic climte nodel, you get basically nore spiky. And,
if you recall back to what Peter showed yesterday, the
suppl enental nodel results are spiky |ike that.

Next slide. GCkay. Now, in the course of the work
for the SSPA, there have been a nunber of inportant things
| ooked at connected with the waste packages and | wanted to

pi ck out one to show and the one that has the biggest effect

is this issue of the tenperature dependence of the general
corrosion nodel. 1In the TSPA base-case nodel, there was no
t enper at ure dependence of the corrosion rates. 1In the
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nodi fi ed nodel that is used for this analysis here, as was
mentioned earlier this norning, the corrosion rates match at
about 60 degrees C and at tenperatures higher than 60
degrees, the corrosion rates are faster, and at | ower
tenperatures, the corrosion rates are lower. And, the
crossover is around 10,000 years. That's when the
tenperatures go below 60 degrees C. In fact, it's a little
before 10,000 years. So, you have faster corrosion for the
first 10,000 years, but then for all the hundreds of

t housands of years after that, the corrosion rates are sl ower
and the net result is that you push the waste package
failures out to later tinmes and you push the doses out to
later times. And, it's a fairly dramatic effect. There's a
coupl e hundred thousand year delay in the bul k of the doses
and it al so reduces the highest value that's attai ned.

Next slide. GCkay. The other thing that has the
big visual inpact in |looking at the graphs that Peter showed
yesterday are the change in the nodel for early waste package
failures. 1In the base-case nodel, there were no failures
before 10,000 years. There was an analysis of the potenti al
for early failures and, you know, it was based on a
literature study of different kinds of reliability studies
and the conclusion of that was that they didn't think there
woul d be any thru-going failures, that there would be defects

that woul d go partway through the welds, but then it would
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still take them thousands of years to corrode the rest of the
way through and actually fail a waste package. More
recently, some further anal yses has been done that was
di scussed this nmorning having to do with possible effects of
i nproper heat treatment in the final closure of the waste
package. In the course of that analysis, they suggested a
hi gher probability for early failures. So, with this higher
early failure probability, you end up with rel eases starting
before 10,000 years.

Next slide. GCkay. Beyond those three which, as I
say, | think are the ones that have the greatest visua
i npact and going fromthe old nodel to the new nodel, there's
a lot of other things that were considered and has been said.
Sonme of them have nmade significant changes, sonme not so
significant. | picked out one of the other relatively
significant ones to show and that is the inclusion of
sorption in the engineered barrier systemthat is within the
wast e packages and in the invert under the waste packages.
In the base-case nodel, the transport within the engineered
barrier system was nodel ed wi thout any sorption. Putting in
an estimate of the sorption makes this kind of a difference
and it's pretty significant. There's sonething |like a 20,000
or so year delay for the first breakthrough of the doses and
then also is lowering the dose a little bit. | think by the

time you get to the peak, it doesn't really |ower the peak,
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but you get this lag. The nost inportant effect there is the
reduction of the concentration within the waste package and

t he source because of the sorption onto the corrosion
products inside the waste package. The | ower concentration

t here gives you | ower diffusion gradients and | ower advective
terms and everything. And, that's nore inportant than the
lag you get in the transport out of the waste package and

t hrough the invert.

Next slide. GCkay. Now, I'd like to go on to the
what we are calling the supplenental nodel which is a roll-up
of a lot of these different things. Bob Andrews went through
alist of alot of themand we have heard about themin the
| ast day. A lot of different things have been investigated
over the | ast several nonths and a nunmber of them have been
put into this rolled-up nodel to give a better understanding
of how they interact with each other. In those one-off
studi es, you can see the effect in isolation, but in order to

see the effect on the while system you need to see the

interactions between the different ones. And, the technical
basis for this is in the SSPA report in Volune |I. These
results that I'mgoing to be show ng are docunented in Vol une

Il of the SSPA. There are results for nom nal and igneous,
but once again in this talk, I'"mnot going to discuss the
i gneous. Many of the nodifications of the nodel were done to

make the subconponents nore realistic. In other cases, it
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was to better quantify the range of uncertainty. W |ook at
a range of thermal possibilities enbodied in these two

t hermal operating nodes that you' ve already heard a | ot
about; the high-tenperature operating node which is
essentially the same as the base-case design and then the

| owt enperature operating node which is intended to keep the
wast e packages wel | - bel ow boi |l i ng.

Next slide. GCkay. And, this is the kind of basic
conpari son of doses that Peter Swift already showed
yesterday. As | said, | think the three big differences
bet ween the ol d base-case nodel and the new ones are, nunber
one, it's nmuch spikier; nunber two, for the main rise in
doses, you get this big |lag of several hundred thousand
years, but there's also a |owlevel of doses going back to
early times. You can see that there is not a big anount of
di fference between the two thermal operating nodes. There's
sonme differences, but they're nuch nore simlar to each other
than they are to the old base-case result. | think it's
dangerous to read too much into the small difference between
t he high and | ow cases because, renenber, Peter showed the
horsetail plot showing all the realizations and there's a
range of several orders of magnitude in the doses here. Wen
you average over that, you end up with this small difference.

And so, as | said, it's dangerous to read a lot into that

smal | difference, but there are things in the nodel for which
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t hat makes sense. Nunber one, the preclosure period is
| onger in the |lowtenperature case. It's 300 years instead
of 50 years. And, we nodel post-closure performance so there
are no failures of waste packages during the preclosure
period and that gives you an extra 250 years of delay there.
But, probably nore inportantly is there's sone therm
dependencies in these early waste package failures. 1In
particular, there's a relative humdity threshold for when
the corrosion is nodeled to begin and it's at that point when
you get these early failures occurring and that gives you
some extra | ag because the relative humdity is lower in that
| ow-tenperature operating node. The differences out here at
the late times will show later, nore clearer when |I show the
wast e package failure conparison. This is because of a

difference in the waste package failure results for the two

cases and I'll talk nore about the reasons for that when
get to that.

Next slide. GCkay. The next three slides, | show
what radionuclides are contributing to the dose for the

different cases just to give you a feel for what matters. At
the early tinmes, it's carbon iodine and technetium the very
fast, very nobile, and very high solubility radionuclides

t hat breakt hrough the fastest and give the dose at the early
times. At 10,000 years, essentially, the dose is all from

t hose very fast ones. As has been said before, in the base-
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case, there was no dose at 10,000 years because the waste
packages hadn't failed yet.

Next slide. You get a |lot nore radionuclides
com ng through within 100,000 years. The first big
difference you notice is that there's a |lot nore technetium
in these newresults than in the old results. | think that
is nore just that the anmpbunt of neptuniumis snaller and that
the technetiumis higher. The neptuniumsolubility has gone
down somewhat. So, the relative proportion of technetiumis
hi gher. Another inportant difference is that in the base-
case nodel there was much nore **Pu coming through at 100, 000
years. It's a very small amount in the new result. And,
that is primarily because the newer (inaudible) work has
| onered the (inaudible) for plutonium So, plutoniumis much
| ess inmportant than it was. Another thing you can see of
note is that there's quite a bit of *Pa in the high-
tenperature case, but it's very little in the |owtenperature
case and that is just a fluke of a particular tinme slice.

231

This is near the tine when the “"Pa is starting to break

t hrough and you catch the breakthrough in this one, but not
inthis one. If it were alittle later, as in the next
slide, the Pa is very simlar in them The big difference
you see here is in the base-case nodel. There was a nuch

230

greater of *°Th. Th is so lowin these new results that

it's not on here, at all. There's alittle bit of *Th and
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that conmes froma change in the biosphere cal culations. The
bi osphere does conversion factor. In the base-case, it was
too hard for *°Th. Just because of the way things evol ved,

t he whol e extension of the results to 1,000,000 was done a
little bit late in the gane and **Th was added at that tine
and they didn't do as thorough an analysis of it as they did
for the other ones.

Next slide. GCkay. Now, I'mgoing to go down into
the different conmponents of the nodel to show sone of what's
going on that influences those dose results. | haven't
enphasized it up to now, but I will now For every one of
t hese plots including ones |I've showmn before, there's a w de
range of results. |If you look at all the realizations, you
get these things that we call horsetail plots, but I'monly
showi ng the average curves to illustrate the differences
bet ween the nodel s, but you should keep in mnd that there's
a big range of results within each one. This shows the
climate and infiltration part. You get in the base-case
nodel just a flat curve out here, but in the supplenentary
nodel , you get these big infiltration spikes during the
glacial climates and then you get these big downward spi kes
during the interglacials.

Next slide. This shows the flow rate of seepage
getting into the drifts for the three nodels. And, there's

two parts that are inportant. Delay part is just driven by
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that climate and infiltration part that we just saw. So, it
has the sanme spikes in it and it's basically the sane for the
two operating nodes because all the tenperatures and
everything are the sane by the time you get out to such |ate
times. At early tinmes, there are differences in the way the
thermal effects are being included between the base case and
bet ween the suppl enentary nodel and there's differences in
the two operating nodes because their tenperatures are
different. |In the base-case nodel, we were not reducing
seepage because of the vaporization zone around the drifts.
In order to just nmake |ife easier and because it was
conservative, we just didn't do that reduction. And so, in

t he base-case nodel, there's actually a pul se of seepage into
the drifts during the hot period because above the drift
there's a pulse of water and we just let it continue on into
the drift. Now, in the newer nodels, we are reducing the
anount getting into the drift because of that dryout and al so
there's sone subtraction fromthese curves because of
evaporation inside the drift at the drip shield. Bob

MacKi nnon nmentioned that there was a nodel for that now
yesterday. You see that the high-tenperature case has | ower
seepage at early tines and the | owtenperature case doesn't
go as low. There's a slow increase over tine here and that's
because of that evaporation term decreasing over tine. At

late tines in the new nodel, the kind of base seepage rate is
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| oner, but you do get these spikes that go up to higher
val ues.

Next slide. Now, this is another part of that and
this is showing the fraction of waste packages where there is
seepage. The previous slide was showing the flow rate for
the |l ocations where there is seepage. And, you can see that
t he nunber of places where the seepage has gone up and goi ng
from base-case nodel to the supplenentary nodel, but at those
pl aces where there is seepage, the flowrate is |lower. And,
there are several things that go into that. Nunber one,
these represent the fraction of places that has seepage any
time within the simulation and that includes those gl aci al
climates. This one, didn't have those glacial climtes. So,
that's a part of it, but it turns out that that's not the
nmost inportant part. The nost inportant part are really sone
changes in the seepage nodel that were put in having to do
with the flow focusing factor going down, as Bo tal ked about
yesterday, and sone ot her assunptions having to do with
episodicity of flow Those are the things that are making
this nunber go up and they also contribute to making those
flow rates go down.

Next slide. This shows the distribution of drip
shield failure, the first failure of the drip shield. And,
there's essentially no difference between the high and | ow

operating nodes. The failures are later than they are in the
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base case and that is alnost entirely just because of the
change in the way the uncertainty and spatial variability are
handl ed. Joon Lee nentioned this nmorning about the
partitioning between uncertainty and variability and that is
the thing that pushed this average curve out to later. |If
you see the individual curves, you would see that the range
of things is fairly simlar between all three of them but on
average, they're a little later.

Next slide. GCkay. Now, we conme to waste package
failure curve which is one of the nost inportant drivers of
the system And has already been brought up, the failures of
t he waste packages--of nost of the waste packages are nuch
later in the new nodel, a couple hundred thousand years
| ater, although you do have this small fraction of early
failures. O particular interest is that the failures are a
little bit later in the | owtenperature operating node than
they are in the high-tenperature operating node. That is
because of that corrosion tenperature dependence that was put
into the nodel. It seens surprising to see it show ng up out
here because the tenperatures are essentially identical
between them by the tinme you get there, but it's all driven
by what went on back during the hot period. Don't take these
nunbers to heart, but the idea is that the waste packages
corrode through like three-fourths of the way during the hot

period, but then getting to that final fourth of the way
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takes a very long tine because the corrosion rates have gone
down. In the high-tenperature node, the corrode a little
farther through than they did in the | owtenperature.

Next slide. This shows the amount of water flow
getting into the waste package in one of the groups. This is
a conbination of the curves | showed earlier for the seepage
into a drift and the waste package failure because the anount
getting into the waste package in our nodel depends on how
many drip shields and waste packages have failed and al so how
they have failed. That is, there's a dependence on the
anount of the area that is open and available for flow
t hrough. And so, it's pushed to later tines because the
wast e packages are failing later and it's | ower both because
of the I ower seep flow rates and because of the waste package
failure being later and fewer of the waste packages have
failed by that tine.

Next slide. Tenperatures, that's a straightforward
conparison. The |owtenperature node, obviously, is much
| oner tenperature than the high-tenperature node. The
di fference between base-case and hi gh-tenperature operating
node is mainly because of the update in the therma
conductivity of the lithophysal units. The conductivity went
down and al so the tenperature goes up a little.

Next slide. This shows the relative humdity at

the waste package for the three cases. This first part is
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during the preclosure period and it's not realistic because

t he therno-hydrol ogy nodel doesn't include the renoval of

noi sture by the ventilation system It includes renoval of
heat, but not renoval of noisture. That doesn't really
matt er because those preclosure tenperatures and rel ative
hum dities aren't used for anything for nodeling post-closure
performance. The other thing that is of interest, | think,
is that the | owtenperature node not only has | ower
tenperature, but also lower relative humdity. Bob MacKi nnon
tal ked about that yesterday afternoon.

Next slide. Then, to close, | want to show a
conpari son of the releases fromdifferent parts of the system
to get an idea of how the radionuclides nove through the
system There are curves for the release rate fromthe waste
form then fromthe waste package, then out of the engineered
barrier system and then fromthe unsaturated zone to the
saturated zone, and then 20 kmout in the saturated zone.

And, we could spend all day discussing all these little

wi ggl es and bunps and peaks and valleys, but | nerely wanted
to get across the conparison between the different curves.
The story--this is for technetium For the base-case, we had
a very straightforward story. The curves for waste package,
EBS, UZ, and SZ essentially were overlaid show ng that there
was very little residence tine in the parts of the system

outside the waste package. There was sone delay in the waste
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package mainly because at early tinmes, you had these very
smal | openings, only crack openings in the waste package
which took a long time to diffuse through. You have a nuch
nore conplicated picture in the newresults. You can see
that qualitatively the | ow and hi gh-tenperature cases are
pretty simlar. Wat | want to point out is that you can see
the effect of the different barriers nore because there's
better tinme resolution since they're failing early. You get
the waste formrel ease here and then the waste package
rel ease conmes in alittle later and the EBS rel ease cones in
alittle later, and then the UZ rel ease and the SZ rel ease,
each a little later indicating for the initial breakthrough,
you have on the order of hundreds of years for each of those.
But, this is |like the very |eading edge of the breakthrough
curve for each one. To see what the nore average behavior is
i ke you need to |l ook out at this part and out here you see
there's still a fairly inportant |ag between the waste form
rel ease and the waste package rel ease indicating that even
out at hundreds of thousands of years, there's a pretty |ong
residence tinme of technetiuminside the waste package. But
t hen, you don't see a significant residence tine in the rest
of the system On a curve like this, a log plot, we can't
really see what that residence time is. You know, if there's
residence tinme of even tens of thousands of years, you just

woul dn't be able to see it on this. Sonmething that |I should
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note is these three high spikes there that probably everyone
i s wondering about and those have to do with individual
realizations where there are seismc events that fail the
cl addi ng very quickly and gives a spi ke of rel eases.

Next slide. Okay. This is the sanme thing for
nept uni um whi ch has | ower solubility and nore sorption. So,
it takes longer to get through the system You have
qualitatively a pretty simlar story, but actually out here
at the late tines, you can see the separation nore. You can
see a significant |ag between the waste package curve and the
EBS curve. There's still not much separation out here
between the EBS and the UZ and the SZ curves indicating that
on the scale that you can see which is several tens of
t housands of years, there is not a |ot of residence. But,
you can see that it is taking that kind of tinme to get out of
t he waste package and then out of the EBS. So, a |ot of
those things that have been put in the nodel having to do
wi th additional sorption and things that reduce the diffusive
pat hways are causi ng | onger residence in the engi neered
barriers.

Next slide. This is the sanme thing now for **Pu.
O course, this big decrease at late tines is because it has
a relatively short half-life. So, it's decaying away. But,
even in the base-case nodel, you can see sone spaci ng between

the different curves indicating it has a nuch greater
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residence tinme in the different parts of the system and you
can see that even nore in the new nodel. Although with al

t hese spi kes being caused by the climate and by cl addi ng
events and all this, it's conplicated enough that it's kind
of hard to see it. But, you can see that, in particular,

bet ween the EBS curve and the UZ curve, there's a pretty big
gap. It's turning into a vertical gap here because of that
decay. |If it takes hundreds of thousands of years to go
through the Uz, it decays a lot during that tinme and so you
actually get less ultimately getting out.

Next slide. GCkay. To sumup, the nost inportant
driver for the changes have to do with the waste package.
You have a small fraction of early failures of the waste
package that gives you sone dose at early tines. The great
bul k of the waste package failures occur later in making the
--pushing the | arger doses out later intime. There's only
m nor differences between the high-tenperature and | ow
tenperature operating nodes in terns of doses. In sone of
the subsystemresults, you can see inportant differences at
| east for thousands of years. But, by the tine it gets al
the way to dose at 20 km away, you don't see nuch

And, conclusions having to do with uncertainty and
uncertainty quantification will be in the next talk. So,
"1l quit there.

CHRI STENSEN:  Thank you. Board nenbers?
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BULLEN: Bullen, Board. Actually, you're right on one
of the topics that | want to tal k about because you nention
that there's only mnor differences between the high-
tenperature and | owtenperature operating node. Could you go
back to 11 which is sort of the question that Norm
Chri stensen asked this norning. Maybe it's just the artifact
of sonething that you noted already. Wen you plot it in a
| og node and you get out past 100,000 years, you know, a
coupl e of thousand year tinme steps don't show up very well.
But, if you |look at sort of between maybe 150,000 years to
I i ke 300,000 years, that range right there, you' re al nbst an
order of magnitude lower in dose. Now, granted, you' re not
anywhere near the regulatory limt, but you' re still an order
of magnitude | ower in dose for 150,000 years. Yet, just
because of the way it's presented, you think that's a snal
di fference?

WLSON:. Well, it depends on what you nmean by small. |
think of it nore as a lag. There's an additional |ag because
of the later waste package failure and--

BULLEN: Actually, | understand your lag and | do think
that that--if it were nme and you asked ne if we wanted to
wait 150,000 nore years before it went up an order of
magni tude, 1'd guess yes. GCkay? So, it's just one of those
things that | found interesting and maybe you' ve downpl ayed a

little too nmuch that there's a little difference.
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WLSON: Can | say sonething?

BULLEN: Ch, go right ahead. Yeah.

WLSON: | forgot to say earlier, | meant to point out,
by the way, that the igneous doses in this early period are
up about here, by the way. So, at the early tines, these
probability weighted igneous doses are nuch hi gher than these
earlier releases fromthe nom nal

BULLEN: | just had one nore quick question and then
"Il defer to the rest of the Board nmenbers. Can we go to
Figure 23, please? |'m happy that you described to nme the
fact that the relative humdity at short tines isn't real and
| believe that. | guess, I'd like you to explain to nme again
why at the | owtenperature operating node, the relative
hum dity is less. | nean, |I--

WLSON: This part here?

BULLEN: Yeah. What's the physical phenonenon behind

it?

WLSON: Ckay. Well, | can nmake a stab at it. You
know, Bob tried yesterday, but 1'Il take a stab at it, and if
t hat doesn't work, then we'll get soneone else to try it. MW

understanding is it has to do with basically with the

radi ati ve connecti on between the waste package and the drift
wall. At these late tinmes, the drift wall is essentially 100
percent relative humdity. And so, the relative humdity on

the waste package is going to depend the difference in
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tenperature between the drift wall and the waste package. At
hi gh tenperatures, the radiative connection is nore
efficient. So, you get a smaller difference in tenperature.
So, you get a smaller difference in relative humdity. So,
you end up with this counter-intuitive thing with a higher
relative humdity at the higher tenperature
BULLEN: You're right. 1Is it counter-intuitive to ne

because as | | ook at sonething that's warm versus sonet hing

that's cold, it's the warmthing that woul d appear to be

dryer in my book. But, | guess, it--

WLSON: That's normally the case and--

BULLEN: But, |'ve heated up the wetter portion that
made the relative humdity go up. So, it's the effective

heat transfer as opposed to one being warnmer and dryer and
t he ot her being cooler and wetter. So, it's effectively the
heat transfer characteristics, not the tenperature, absolute
t enper at ur e.

WLSON: | think so, yeah. Right.

BULLEN: Ckay, thank you.

PARI ZEK: Pari zek, Board. Page 24, the next page after
that one, there are the spikes that you explain were
eart hquake rel at ed?

WLSON: R ght. In the nodel, there's tw basic nodes
of failure, the cladding of the spent fuel and one is--well,

three, | guess. There's the early failures that are
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essentially already there at enplacenent and then there's a
possibility of failure fromlocalized corrosion over tinme and
then there's also a threshold for seismc events. 1In the
nodel if the seismc event is above this threshold, then it's
assuned to fail all the cladding. And, when that happens,
you get this huge spike of the waste form You know, all the
cl addi ng has opened up. So, in the accounting of the nodel,
then there's all these radionuclides that are avail able for
rel ease. So, it's considered a waste formrel ease. But
then, it still takes a long tine to get out of the waste
package and everything. So, you don't see those sane spikes
in the downstream conponents.

PARI ZEK: But, the spikes cone after--the first ones you
show are somewhat |ate. Wiy wouldn't they cone earlier?

WLSON: Well, they're spread out in time. The seismc
events are sanpled and they can occur anywhere within the
mllion year period. These are just three that happen to be

particularly bad for whatever reason

PARI ZEK:  And, another question with Figure 11 in terns
of the juvenile failures. |Is there any reason to believe
there woul dn't be maybe nore juvenile failures than those

assunmed to give us those results? | nean, that's still
encouraging results, but suppose it's worse than that? How
do you get rid of the concern that nmaybe there are tw ce as

many or four tinmes as many? Manufacturing gets sl oppy or
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what ever .

WLSON: Well, I'mnot exactly sure what you're asking.
| guess one part of confidence in that is these doses are
very low. So, you can still actually fail quite a few nore
before you start getting to a significant dose. |If you're

aski ng about how to build the waste packages to make that
| ess certain, then soneone else will have to talk to that.

CHRI STENSEN: Ot her questions fromthe Board?

SAGUES: Since we have the figure up there, | think that
maybe this is a pertinent question. It's alittle bit broad,
but here it goes. You know, as tinme progresses, the chances
that the assunptions that were nmade to predict the different
phenomenon are going to hold over dose rate for periods of
time. And, is there anything in TSPA that is being done to--
and, maybe, this will get into unquantified uncertainties
guestion, but I mght as well ask you now. That we do that,
we put sonething in the predictions that woul d i ntroduce a
factor that gets bigger and bigger as tinme progresses, and
then like this business, all the waste packages over there,
we' re maki ng--assunptions are bei ng nmade now of having big
consequences, say, 100,000 years into the future, but of
course, the chances that the corrosion rates are not going to
be uniform of course, all kinds of things later are going to
happen. |Is there anything that is being done or that could

be done to introduce that nunerically into these predictions
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so that the light would be getting broader and fuzzier as
time progresses?

WLSON: Rght. Well, | think that could be done. You
could have uncertainty estimtes of certain conponents that
increased explicitly over tinme. As far as | know, we don't
have anything |like that in the nodel right now  Another
exanpl e woul d be the climate and infiltration part, you m ght
i magi ne that you could increase that uncertainty as you went
out in time. W do not have anything like that in the nodel
right now. You know, and corrosion is clearly an inportant
one you could do sonething like that with. The problem of
course, is having the information to quantify this.

CRAIG Paul Craig. Yeah, this is an interesting one
and it does ask one to try and figure out what's going on.
Let's see, we were told earlier that you' re assum ng one and
occasionally two or three juvenile failures. It's a
probabilistic distribution. So, if we multiply the one by
10°, then we're up to maybe 107, 10°nrem per year. And, we
know from earlier presentations where the engi neered systens
were renoved that you get doses up in the hundreds nrem per
year. So, what's going on? | suppose what's going on is
that the drip shield is there and the drip shield is assuned
to be perfect forever or at |east--

WLSON: No, not forever, but it is indeed effective

during this period.
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CRAIG But, on the tinme span out to 10, 20, 30,000
years, the drip shield is considered to be perfect and that,
of course, gets us back into the standard set of questions as
to whether we really want to believe the probability
di stribution nunbers for the titanium This isn't the tine
to talk about that, but | sinply want to nake the point that
it seens fairly clear as to why these nunbers are so | ow.
It's driven al nost conpletely by an assunption that the drip
shields work perfectly. 1Is that correct?

WLSON: Yes, that's why they're as low as they are

because it's all diffusive release. There's no advective

r el ease. If there was a certain anount of advective rel ease,
it would push it up. It depends on what your assunptions are
about and how rnuch.

CHRI STENSEN: Dr. Reiter?

REI TER  Yeah, nmy two questions, one is a followon to
Paul . Can you go back to Slide 7, please? And again here
what was | ooked at is just the one-off study assum ng the
sanme early waste package failures. And here, the rel eases
are like 3 orders of mmgnitude higher. Now, what does this
due to? The drip shield had the same sort of assunptions in
both studies. You only had diffusive releases. This is due
to the neptuniumsolubility or what causes the difference
here; why so much | ower?

WLSON:. | wi sh Dave Sevougi an was here, but--oh, he is
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here. 1'll give you ny part and then I'll |let Dave give you
a nore authoritative answer. There are a nunber of things
that have been put in the supplenental nodel to make
di ffusive releases nore realistic and reduced diffusive
rel eases. Those early releases are all diffusive and it's
been decreased quite a bit in the supplenental nodel. 1Is
there anything inportant besides that to say, Dave?

SEVOUG AN: | guess sorption is a big factor

WLSON: Ch, that's right. The sorption of the waste
package is very inportant, as you saw in that other one-off
for the early time, especially.

REI TER  Technetiumis probably the big--so it's really
not solubility.

WLSON: CGood point. 1Is there any sorption in the EBS
for the technetiunf

SEVOUGE AN Sevougi an. Yes, there is.

WLSON: COkay. So, it does affect the technetium

REI TER  And, just another quick question. | know you
didn't showit. What's the effect of incorporating the way
you did the drift shadow effect and we'd be dividing it up
into advective and diffusive rel eases? How nuch--

WLSON: Well, we have one of these one-off anal yses
that shows that that's in the docunent, but as you say, |
didn't showit. It actually gives a fairly simlar lag to

that one that | showed for sorption in the EBS. There's
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sonething |ike a 20,000 year lag for the initial
br eakt hr ough.
CHRISTENSEN: ['d like to follow wth the | ast question.
This is a question that conmes fromthe audi ence, but it
relates to one that |I've wondered about. So, I'Il use the
audi ence question and then just augnent it with a coment of
my own. The question, you said that the outer Alloy 22 weld
is assuned to be failed due to inproper weld heat treatnent.
How do you nodel the inner Alloy 22 weld which is not being
treated and accordingly isn't failed by this non-mechanistic
event? Now, the followp question to that is isn't it
unrealistically overconservative to assunme both Alloy 22
wel ds are failed due to inproper heat treatnment? W
additional question on this really has to do with what new
i nformation caused us to change our thinking about juvenile
failures, what they are? How are we comng up with that?
"' mjust curious.

WLSON: Ckay. Well, | really need a waste package
person to answer this. | cannot answer it.

LEE: Okay. Joon Lee, BSC. As | discussed earlier
today, in TSPA/ SR we screened that potential nechani sm based
on | ow probability. W used the (inaudible) for criteria
because the waste packaging failure is a one tine event, not
a recurring process. So, we use any priority less than 10"

which is, you know, |ess than one out of 10,000 waste
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packages. That is what was done in the base-case. In this
SSPA, we |l ook at it again, the nmechanisns, you know, again
and then we did sone detail ed anal yses for each event through
a process. Then, we found that this inproper heat treatnent
has a much hi gher consequence in terns of performance and
rel ease fromwaste packages so that we included that inproper
heat treatnment into new update to the SSPA nodel. That's the
story behind that. |1'mnot sure if | answered your question.
CHRI STENSEN: And, the question regarding two wel ds--
LEE: That case is--also, it has a bullet there. Even
t hough outer failure has two--outer or inner lid, only outer
lid will be (inaudible) by induction on any heat treatnent.
We know this by |aser peening. But, since we couldn't
gquantify the effect of inproper heat treatnment of outer lid
on inner lid, we just assunmed both failed sinultaneously if
that affected the waste package. That is a conservative

assunpti on we nade.

CHRI STENSEN: Great. Thank you very nuch. Thank you,
Mke. W'Il nove now to the next speaker who is Kevin
Coppersmith. And, Kevin will be tal king about the eval uation

of unquantified uncertainties. Kevin is the president of

Coppersmith Consul ting and has | ong experience exam ni ng

probabi |l istic hazard on certain characterization.
COPPERSM TH:  |'m president, |I'msecretary, |'m human

resources manager, all of the above. Just one comment |
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wanted to nmake. There was sone di scussion--1've had a couple
of people ask isn't this an incredibly busy tine? It nust be
kind of a burden to have to worry about a TRB neeting right
in the mddle of all these deliverables, technical changes
going on all around us, and so on. Many people in the
project, believe it or not, take this actually as a chall enge
to be able to conme to these neetings and nake presentations.

In fact, to some, the acronym NWIRB has becone new ways to
rattle Bullen. So, that's basically ny goal and ny chal |l enge
as we go through this.

BULLEN: Bull en, Board. Thank you, Kevin, |I'm | ooking

forward to it.

COPPERSM TH: First slide, please? The objectives of
this talk we're giving here, 1'Il start first with review ng
t he purpose. Renenber, this study of unquantified

uncertainties began sone tine ago. | think the concept of an
SSPA was the twinkle in the eye of sonmeone and so this was a
study that was conceptualized sone tinme ago and reported, |
think, last fall by Abe Van Luik, reported nultiplely by Bil
Boyl e in January and in May and so on. So, | want to review

t he purpose, approaches, what we're trying to do in the

course of this study. [I'll also talk about what the SSPA has
init relevant to the evaluation of unquantified
uncertainties. Then, 1'mgoing to sumarize sone of the
system | evel conclusions that we can glean from what we've
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seen, so far, fromthe nom nal system|evel performance. One
of the problens, of course, of |ooking at everything in a
rolled up formis unfortunate that we don't get an
opportunity to see sone of the subsystem|evel changes. For
exanpl e, how does the change in a particular nodel or a
conceptualization or alternative conceptual nodel or
uncertainty distributions affect things |ike the subsystem

| evel like, say, seepage flowrate and so on. Those results
are included for the interested reader and | assume we have
several here in Section 3 of Volune Il and there's many

di scussions in there at the subsystemlevel. Part of the
probl em of course, is rolling things up into the system
level. There are sone things that are nore inportant at a
system |l evel and, therefore, we don't have an opportunity to
see the inplications of sone of the now quantified
uncertainties and so on. We'Ill |ook at conservatism
Conservatismhere is basically--1"Il just define and discuss
nore later--is the difference between our nean estimate of
dose and the Rev O TSPA and our estimate of dose with the
SSPA.  And, 1'll talk about why we use a nean. Usually, risk
is a evaluated at a nean |level. There are what we've called
| ocal conservatisns for a particular process nodel. Soneone
m ght have had a bound to their data and that would be a
conservative bound for that particular set of data or to that

particul ar investigator. Overall, right now, we're | ooking
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at things at a systemlevel. How did they change from before
and, of course, we've seen a |lot of conparisons. But, that's
the type of first order conservatismwe mght |ook at.
Utimately, | think it's inportant and |I'Il talk about where
we go fromhere to ook at it on a subsystem | evel, maybe
nore of a process nodel |evel at conservatisns and nore
realistic estimates.

Next. The purpose of the overall unquantified
uncertainty activity, UU as it was affectionately known, is
to evaluate the significance of uncertainties that weren't
quantified in Rev 0, to develop insights into things |ike
conservati smor non-conservatism was is the significance
ultimately? W know we have uncertainties in various input
paranmeters. Wich of those uncertainties drive the answer?
What's the contribution of a particular uncertainty and input
to the uncertainty and the output? Those are the types of
considerations. And, of course, that's a common type of
anal yses to be done for risk analyses to | ook at what are
the--not only the contributions, let's say the central
tendency of risk, but what are the contributions to the
uncertainty in that in that evaluation of risk? Again, we're
doing this within the context of the TSPA, |ooking here first
at systemlevel results, ultimately subsystem And, as I'I|
tal k about at the end, we'll need to deal wth sone of those

nore gnarly issues. Those things that aren't quantified
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continue to not be quantified. How do we eval uate those?
How robust will our future estimates be? And, finally, to
devel op guidance for future treatnent. |In the future, we
anticipate that if we go into a |icensing node that all
estimates, all evaluations of regulatory conpliance, for
exanple, will need a very careful assessnent and eval uation
of uncertainty.

Next. Sonme of the activities that have gone on
over the | ast several nonths are shown here. The first is
the identification of inportant unquantified uncertainties.
TSPA/ SR Rev 0 has a | ot of uncertainty quantification init.

As you saw, for exanple, this norning discussions of the
saturated zone, they're one group that, for exanple, has had
probability distributions in alnost all the input paraneters.

A lot of the activities that they went through was basically
re-looking at those distributions. Bill Boyle in past talks
in January presented a table that showed sone of the
i mportant unquantified uncertainties. These are sone of the
areas that through evaluation and judgnent were thought to be
potentially inmportant and were unquantified at the present
point in tine.

So, we started with that |ist and began to neet
with technical principal investigators to review the current
nodel s was their basis. Menbers of the staff, | know Dave

Diodato and Carl D Bella and Leon Reiter and so on, at
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| east, listened in on some of those discussions with the PIs.
They went through where are we right now with the current
nodel s, where is their basis, are they realistic, and so on.
It's inportant to remenber that in the devel opnrent and
construction of Rev O that a | ot of the guidance that was
given on uncertainty treatnent said the rules were
essentially to do your best to quantify uncertainties. 1In
the face of larger uncertainty, very few data--usually, those
two are correlated--it is appropriate to bound or to give a
conservative representation of that input, or for those
conceptual nodels, many cases, conservative conceptual nodels
have been used. W' ve had a |ot of discussion of that.

A lot of the discussion of the process nodel
presentations dealt with this, is what we did in Rev O, it
was a conservative estimate, perhaps not realistic, but
conservative, nevertheless. Wat we're asking here is to
change the rules a little bit, try to be nore representative,
nore realistic. Along with the realism of course, cones the
need to quantify uncertainty. So, we went through a process
then of, nunber one, nmaking it okay to becone nore realistic.

In fact, desirable and nore towards the expectation, but
al so the need to characterize uncertainties. And, of course,
for sone people, uncertainty characterization is a tool of
the trade in their evaluations and the types of work they do,

uncertainties are routinely quantified. And, others, sone of
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those who | think are probably farther fromthe geol ogi cal
sciences, we're used to hardly having any data than nuch of
t he geol ogi cal science is. Therefore, judgnent cones into
play in the quantification of uncertainty alnost on a daily
basis. Ohers are nmuch nore data-driven and woul d use
statistical approaches through uncertainty characterizati on.
If I don't have nuch data, I'mat a loss for how to quantify
uncertainty.

So, we had di scussions about how judgnment can be
used to quantify uncertainty. Certainly, the paraneter
uncertainty, but also there are conponents of what we would
call conceptual nodel uncertainty that are very inportant.
To ne, a conceptual nodel is a description of how a physical

process actually works. Fracture-matrix interaction was

given as an exanple and there are many others. Al of our
nodel s have sone sort of conceptual underpinning. In sone
cases, it's strong; in other cases, not. But, that

di scussi on of conceptual nodel uncertainty is part of this,
not just probability distributions and dat a.

The first steps dealt with devel opi ng nore physi cal
or representative nodels. There are many exanpl es of that
whi ch we had di scussions of better seepage nodels with
thermal effects in them episodicity to the seepage nodel s,
the evolution of in-drift chemstry, issues related to nore

recent data to help devel op estimtes of density of the
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alluviumthat will be inportant, absorption, and so on.
There are dozens of places that when you read through the
SSPA where the nodel s have been nade nore physically
representative. This is the first step in this process.

The next is to quantify the uncertainty and I would
say that we can't pretend to say that, in fact, all the new
nodel s now have new uncertainty distributions in them That
just hasn't been done. W' ve gone a long way, but | don't--I
woul d say now the results received for the new SSPA do not
contain a conplete description of uncertainty. | think
t hey' ve done the best they can do for this tinme frame, but I
think it's going to continue on. Sone of the quantified
uncertainties that are many, often take advantage of new
data. For exanple, sonme of the niche studies and ot her
t hings that Bo tal ked about allowed for a better
representation and the understanding of the lower lith to
feed into the seepage nodel. W tal ked before about the use
of drip tests and batch tests for neptunium and pl utoni um
solubility nodels. These new data provide a basis and hel ped
alot with the quantification of uncertainty. And, it wll
continue on as we go through this process. The additional
information can be fed, | think, hopefully and continue to be
fed in a nore confortable fashion into uncertainty
expressions as we nove forward. The problem of course, for

t hose who' ve done work in risk analysis is the bounds are a
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very dangerous thing sonetinmes. |If they're very extrene, the
change of being exceeded nay be extrenely |l ow. But, bounds
sonetines are things that we say it just can't happen, it
can't be any higher than this, and a single piece of data can
violate that. So, there's sonme difficulties in that process.

If we're describing a quantified uncertainty, new
information can actually help give us a better description.
We can wel cone all types.

Finally, TSPA calculation and sensitivity anal yses

wi Il show sone of the systemlevel results. There wll be

nore one-off type conparisons that are found in Section 3 of

Volune |1 and there will be sonme additional anal yses that
will go on this summer.

Next. Let ne just give one exanple. A bunch of
exanpl es, you've already heard, but | thought I would throw

in at |least one here that sort of deals with where were we in
TSPA Rev 0 and what cane through in the reassessnent of
uncertainties? And, | think the whole issue of how the whole
wat er diversion to EBS is a case where nodels were nmade, went
froma conservative type nodel to one that is nore
represented. It doesn't nean that all of the conservatisns
have been weeded out yet, but it nmeans that they're headed
towards a path of being nore conservative. Let ne just give
you sone exanples of that. The first has to do with

evaporation of seepage. This is water that has conme into the
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drift, the potential for it to be evaporated such that it
woul d not be water available to actually enter the waste
package. It will be used to nove radionuclides. |In TSPA/ SR
Rev 0, that reduction in the amunt of water that's avail able
for contacting the drip shield s waste package is essentially
i gnored conservatively, clearly.

In the new evaluation that's in SSPA, there's a
consi deration of evaporation, mass bal ance type equations are
used, a fraction of the heat is used to evaporate seepage.

There are two distributions that are used for the higher and
the | ower tenperature operating nodes. So, this is a
phenonenon that woul d have a thermal dependence as you'd
expect it to. And, it partially reduces the anmount of
transport through the engi neered barrier system A nore
representative nodel with associated uncertainties is tied to
it.

Next. Condensation of the drip shield is
essentially no nodel for the process in Rev 0. But, in SSPA,
there is a nodel that |ooks at whether or not, in fact, the
drip shield was cooler or hotter than the invert. If it's
cooler than the invert, there's a fraction of water that's
evapor ated and assuned to condense on the underside of the
drip shield that you drip onto the waste packages. Ri ght
now, that fraction is assunmed to just vary. |It's just a

sensitivity analysis to look at it, but it's a step towards
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devel opi ng, perhaps, a nore realistic representation of this
pr ocess.

Next. In terns of the geonetric constraints on
fl ow, how does the water get through a drip shield and
ultimately get fromon the waste package surface in to breach
and into the waste forn? Right now, there's conservative
assunptions that say all seepage falls on the crown of the
drift. There's a potential for a fraction of that water to
get into the waste package. It's the function of the

di rensi ons of the patches and so on. Basically, the nodel

here is one that's very conservative. It allows for water to
flow uphill fromthe sides of the waste package to get into
the drift. And, of course, it's not hard to inmagi ne nore

realistic nodels even though when and where failures or
breaches in the waste packages woul d occur. So, this node
uses that type of information which is devel oped by the waste
package degradati on nodel s i ndependently and actual ly | ooks
at the timng, type of breaches, and uses that information to
devel op probability distributions that water will make it
into a particular breach. Again, a relatively nove towards
realismthat's not particular conplicated. There are
probabilities involved in the process, but essentially it's
one that takes into account what we expect, nore of a random
type of process.

Next. Finally, the so-called bathtub effect, this
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is simply the issue of where a breach occurs and where water
will enter in the past nodel and the Rev O nodels, the flow
t hrough nodel that allowed for the devel opnent of a breach
anywhere in the waste package and for flowthrough to occur.
Basically, you can have a breach and the top water can flow
t hrough and | eave the top, as well. So, there's some issues
there dealing with gravity that would come into play. Now,
the nodel is one that allows for nore realismin terns of
where the actual breaches develop and the tim ng of those
breaches that allow for flowthrough or for actually water to
stay within the waste package. Those are just some exanples
of the types of changes. There are dozens and dozens of
t hose changes. The advantage of going through Volume |1 of
the SSPA, in every case there's a discussion of what was done
in Rev 0 and the changes that occurred through the
devel opment of the new nodel.

Next. Well, let's take a | ook at what now has
becone famliar, the differences between the Rev 0 total
systemresults and the SSPA results. | don't want to spend
any nore time related to just |ooking at and conparing these
two things. | do want to make the point though that renenber
when we tal ked about nean values that the nean is--it's a
wonderful thing. The nmean is very sensitive to the
uncertainty distribution. Wen we get to locations like this

where actually there are very fewrealizations--let's say,
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out of 300 realizations, 10 of those actually are finite
nunbers and 290 of those are zero. That's the wonderful

t hi ng about an average. You add together 290 zeros with 10
non-zero nunbers, the average is non-zero. And, of course,
that's the nane of the game when we deal with the smal
nunber of realizations at early tines. The nean will clinb
up in the distribution because of the addition of a |ot of
zeros, zero dose. So, when you tal k about neans, renenber
that it's very sensitive to the distributions. W're noving
over to where we have a nuch | arger nunber of realizations,
t he nean and the nedi an becone cl oser together, and nore
stabl e presumably. Nevertheless, | do want to nmake sone
conpari sons of the nmean |evel because that's commonly where
risk i s conpar ed.

Next slide. Oh, wait, before | go, what |'m going
to be doing here is tal king about the notion of what's
changed relative to conservatism In Volume II, there's a
nunber of conparisons. But, | want to look at Il right now

If we do sone slices through this--and we could do those at
various tines or we could do those at various does |levels, we
could get a look at this wonderful thing which is the

uncertainty distribution around these. And, that's really

the focus of what we've tried to do and we've just really
started in terns of these are systemlevel results. It would
be nice to also look at this in subsystem
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So, let's take a look at two slices. One is a
slice at a particular tine. W'Il say the tine of the peak
dose which is about 300,000 years in the case of Rev 0 and
we' |l use 1,000,000 years since we're not sure exactly what
peak does is, as we've had discussion for the SSPA

Next slide. One of the things that we've found in
this the course of this evaluation is people have different
preferences for |ooking at this type of information. Sone
people |ike cunul ative distribution functions, CDFs of this
type; others like nore probability distribution functions,
PDS, that type. So, shown is both ways. These aren't quite
PDFs, but they're close enough to nmake this eval uation.
What's shown on these, this is a slice at peak dose tine, the
time of peak dose, and we have an opportunity to conpare the
two. What we're really looking at is the distribution of
uncertainty. So, for CEFs, the slope is actually a good
i ndi cator of how broad the distributionis. W'Ill have two
central estimates. One is the nmean that's shown up here and
remenber the mean. Sonme of the problens | said before with
mean and its sensitivity to outlyers. But, also we can | ook
at the 50th percentile and conpare nedi an estimates. For
those so inclined, like nyself, these are the types of
equi val ents as PDFs.

And so, when you | ook at the dose at particul ar

times, here again like | said before, we're roughly in these
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ball parks. W're not quite sure that's where peak dose is,
but I'"lIl show you that's the mllion year peak. Wen we
conpare a nedian to the 50th percentile, the better order of
magni t ude di fference between these two. That's sone neasure
of difference, potentially a neasure of conservatism

What we see is that by the additional unquantified
uncertainties that have been added to this nodel has led to a
couple of things. One is a decrease in the anplitude of the
peak dose, but also a spread in--at |east, neasured in dose
space, a spread in those levels. So, the peak dose for the

revi sed nodel has a broader range to it and a | ower average.

And, this is going to be the theme throughout. 1In the
Volume |1, you'll see that we've done slices at various
times, but that's the general observation. Because these are

done on a very long tine, basically the difference is the
solubility nodels are inportant |ike we tal ked about before.
Next. Now, this is |ooking through the horsetails
taking a slice at a particular dose level, a tenth of a
mlligramper year, and we've done that for very | ow doses,
10° up to 10nremin the report. And, you can take a | ook at
it. Again, a CDF representation and a PDF representation and
then a bl owup because the base-case had a nunber of failures
within the first 100,000 years. This is just a blowp in
hi stogram formof this first 100,000 years so you can see the

nature of the distribution for the base-case. Again, the
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story, the sanme. This time in terns of the range of tines to
this particular dose |level, nmuch | ower slope here, nuch
broader distribution here representing presumably a broader
range of uncertainty at that particular dose. In this case
in sone of the conparisons here, we're |ooking at changes
that are on the order of--well, I'll show in the next slide
some of the differences. But, again, what we've done here is
primarily one of renpbving conservatisns. These dose |evels,
these are sone of the higher dose levels. The waste package
and solubility nodels are the nost inportant. And, again, we
have this sort of change. W tal ked about this before. This
potential effect is one that presumably was inposed at
earlier times and just maintains itself through the |onger
time period. And, in this case, a higher dose.

Next. So, what can we say about the significance
of uncertainties and conservatisns again at a system|evel ?
We see wider ranges of doses at a given tinme and w der ranges
of times at given doses. This is represented quantitatively
by these slices through the distributions. But, we also know
that fromthe actual evaluations at a subsystemat a process
nodel level. There are additional uncertainties in there.

We don't claimthat we have themall in there, but there are
clearly additional uncertainties that have been identified.
Many of the nodels, like | went through, have been made | ess

conservative and nore realistic as they were reinterpreted.
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Here are sonme exanples and | think we probably have heard
about all those through the course of the |ast couple of
days. W see the effects. The |owtenperature and hi gh-
tenperature show the sane effects, but they thensel ves are
not very different in their character.

Next. So, in ternms of conservatism again these
are concl usi ons about conservatisns made on the basis of
system |l evel results and conpari son of nean estimtes. After
the first 10,000 years, the base case nodel appears to be
conservative with respect to the supplenental nodel. | think
that's fairly clear. The magnitude of the dose is | ower and
occurs at a later tine. So, for any given tinme period, the
dose is less indicating dose level, the tinme is delayed. W
can | ook at some of the neasures for the magni tude of that
and, of course, it is sonmewhat depending on the tinme or the
dose level itself. But, say, at 30,000 years, we're | ooking
at orders of magnitude difference. And, for exanple, the

time of the peak does about one order of nagnitude in terns

of dose.

Next. Again, this is an expression |ooking at the
i npact on the delay reached in a particular does |evel. Wen
we |l ook at this, as | nentioned before, the higher doses and

the later tinmes, that's where we start to see a little bit of
separation. This is one thing to | ook at as we nove up into

t he hi gher dose levels, say, up to a 10 nrem per year, we do
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see this separation that presumably was related to the
tenperature effects and the general corrosion rate early-on
that then stayed in the systemthrough the rest of the
realizations. During the period prior to 10,000 years has
been tal ked about. W appear to be slightly non-
conservative. Since we now went fromzero to a finite dose,
t hese doses are still obviously very lowwth the inposition
now of the new i nproper heat treatnent nodel that allows for
sonme things to happen beforehand.

Next. | want to talk just a m nute here about
where we go fromhere? Wat are the types of things we're
going to be doing and are doing right nowto | ook at the
inmplications? There will be further conparisons of the
system | evel types of anal yses and one-off sensitivity
anal yses, but also sone of the types of things that m ght
show before; to |look at residence tine within particular
zones. W're talking here about delays. Wat are the
conponents of those delays; in particular, dose levels, for
exanpl e, and other types of conditional assessnments that are
simlar to that. The other part of this, too, is what are
the contributors? It's comon in a risk analysis to talk
about, say, the 5th to 95th percentile spread in uncertainty.

What are the contributors to that froman uncertainty point
of view? W've talked nostly about what contributes to the

mean, but what contributes to the spread? Those are sone of
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t he types of analyses and contributions that we're | ooking at
now. And, finally, an issue that's been raised before of
what about robustness? Wiat's the |ikelihood of change in
these nodels in the future? 1It's sonmething that we need to
| ook at.

Next. Conmmuni cation of uncertainty has been tal ked
about before. There was quite a bit of discussion at the
| ast Board neeting and | wanted to be sure that it's up here.

It's clear that every tine we have discussions or interface

with groups trying to present and slice and dice this
information that there's always a need to cone up with better
tools for that communication so people can understand the
i nplications and comunicate it. You remenber at the |ast
nmeeting, Dr. Cohon asked Bill Boyle how would you sumari ze
this in a three-page letter to the Secretary of Energy? |
can't renenber what Bill said, but it was a really good
answer. W need to have those tools for that type of
conmuni cation. And, finally, devel opment of a gui dance for
future uncertainty treatnment. W've learned a lot in this
review of uncertainty and we need to be consistent with the
licensing strategy. W tried to deal with things |like
bounds, what are bounds, should we use them when and where,
how shoul d we quantify uncertainty, and so on.

And, the last slide. W need to illustrate how

uncertainties can be quantified. What types of tools do we



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

358

have? As | mentioned before there's a range of famliarity
with tools of probability and uncertainty quantification and
how do we docunent how we've done it and finally outline our
approaches to how we'll comruni cate uncertainty
characterization in the future.

CHRI STENSEN:  Kevin, thank you. | think, given our
time, we'll not take any questions and we'll maybe conme back.
So, we will nove to the next speaker, and then if we have

enough time, we'll address the entire thing.
Gerald Gordon who is with Bechtel SAIC who will be
t al ki ng about an eval uation of corrosion process.

GORDON: Good afternoon. These are the elenents 1'd
like to cover over the next 15 or 20 m nutes dependi ng on how
much tinme | have. These are various corrosion elenents and
associ ated nechanisns. |'Il cover each of them but in a
fairly brief manner.

Next slide. In terns of establishing the |ong-term
corrosion rates, as you've heard, the current corrosion rates
are based on weight | oss neasurenents fromthe |ong-term
corrosion test facility and the maxi num exposure tinme that's
been evaluated is a little over two years. Because the rates
are very |l ow and the measurenment uncertainty in doing weight
| oss neasurenents with these lowrates is relatively |arge,
it limts the ability to determ ne small changes. Also, the

tenperature range is limted to 60 and 90 degrees Centigrade.



359

That conbi nation doesn't allow us to back out at this tine
the tenperature or environnmental dependencies. They're al
within the uncertainty. As a result, we have Fulton
experinmental and nodel i ng program underway to corroborate
t hese neasured corrosion rates, as well as to establish the
tenperature and environnmental dependencies and to provide a
basis, a determnistic basis, to allow this short-termdata
to be extrapol ated over tine.

VWiat 1'd like to briefly cover are el ectrochem cal
and m croscopi c techniques and results that tend to
corroborate the long-termcorrosion test facility results.
"1l cover results fromthe project, as well|l as sone
corroborative results, fromthe literature. What we have
here are two of the principal electrochem cal techniques that
we' re enpl oying that have higher resolution capabilities to
measure corrosion rates. This plot on the left is a linear
pol ari zation plot of corrosion rate versus exposure tinme over
about five nonths exposure. 1In this case, these data were
generated at 25 degrees Centigrade and slightly concentrated
J-13 water. And, the nean rate of about .01 m crons per
year, interestingly, corresponds to the 25 degree C rate that
Greg Gdowski showed you earlier where we've now i ncorporated
a tenperature dependency. And, CDF curve for 26 degrees C,
the medi an corrosion rate is about .01 microns per year. On

the right is another technique, potentiostatic polarization
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techni que. where one applies a fixed potential and neasures
the current density which in (inaudible) solution tends to
relate to the corrosion rate as a function of tinme. And,
these are data generated at Sout hwest Research Institute on
NRC work in what 1'Il call the relatively aggressive

envi ronment because it doesn't contain nitrate and sulfate
or, at nmost, only mllinolar concentrations. But, we see the
corrosion rate tends to decrease with tinme and in about 100
hours or so it reaches a steady state value. W're using
both of these techniques to obtain corrosion rate
measurenents as a function of tinme, environnent, applied
potential, nmetallurgical condition, and |I should add

t enper at ur e.

Next slide. It's inportant in extrapolating the
corrosion performance of Alloy 22 over tine to understand the
corrosion nechanism And, one part of that is to understand
the corrosion filnms that formon the surface conpositionally
t hi ckness-wi se and how the kinetics of filmgrowh occur. |If
you |l ook at the literature on NN-Cr-M alloy corrosion fil s,
they tend to consist of at |east two |ayers of very thin
inner layer next to the netal that is on the order of 10 to
100 angstroms thick and it tends to be Cr,O which based on
t hernodynami c data is the thernodynam cally stable phase.
And, this layer also contains nolybdenum nickel and in the

case of Alloy 22, a small anobunt of tungsten. And then,
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outside of that inner layer, there tends to be a |ess
protective | ayer where the netal has dissolved and re-
precipitated on the surface and that can be an oxi de,
hydr oxi de, oxyhydroxi de, or sonme conbination. W're starting
now to characterize the passive filns on Alloy 22 rather than
generic Ni-Cr-M alloys. These are the techniques that we
have started to use and I'I|l describe briefly some of the
results fromthese various techni ques.

Next slide. You' ve seen atom c force m croscopy
photos of the surface of sonme of the corrosion coupons at
previous Board neetings. 1In this case, |'ve picked a coupon
that in exam nation, after taking it out of the tank and
ultrasonically cleaning it, had very little scale on the
surface. Oten, one tends to see silica or sodiumchloride
scales on the surface. This sanple is very clean. On the
left is a control sanple and this sanple was exposed for one
year in 90 degrees C sinmulated concentrated water. And, the
sanpl es are polished through 600 grit paper before they're
put in the tanks and you can see the polishing scratches on
the surface and they tend to still remain very sharp,
al though that's not a quantitative nmeasurenment of corrosion
rate. We don't see any localized corrosion. Wen we conpare
t he sharpness of the surface with the nmeasured corrosion
rates by descal ed weight loss, they tend to be | ess than 60nm

of nmetal loss. The image is consistent wth that, although
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it's not a quantitative nmeasure.

The next slide. To get a nore quantitative neasure
of filmthickness, Lawence Livernore Lab has started
enpl oying what is called the tunneling atom c force
m croscope. |It's a technique where you apply a biasing
voltage with a contacting point on the surface of the sanple
and you neasure the resulting current which tends to be an
el ectron tunneling current. This technique is very sensitive
to changes in the electrical properties of the oxide and can

al so detect very small variations as you raster across the
surface. It's a technique that nore recently has been used
in the sem -conductor industry and it's capable of detecting
very small changes in the oxide thickness.

On the next slide is a tunneling AFM i nage conpared
to a conventional atomc force mcroscope image. This is on
an Alloy 22 sanpl e exposed for 45 days in 200 degrees C air.

And, we're really seeing an electron current inmage of the
surface and these lines are scratches on the surface, very,
very fine scratches. The reason we're getting a contrast is
t he oxide tends to be sonewhat thicker on the scratched
areas. Looking just at the surface topography with atomc
force mcroscopy, we can't resolve that detailed structure.

The next slide, this plot on the left is a plot
devel oped by exposing a sanple in air 200 degrees Centigrade

and nonitoring the change in thickness over tine. Wat's



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

363

plotted here is the applied bias voltage and the resulting
current and the solid lines are calculated |lines for

di fferent oxide thicknesses, one, two, three, and four
nanoneters, and the data points are experinental data. The
filmstarts out with a passive filmair exposed on the order
of 2nm and after 28 days, it's approximately 2.8nm after 45
days, it's grown sonmewhat to 3.2. Data had just becone
avai |l abl e at 120 days and there's very little, if any,
increase in thickness beyond the 45 day neasurenents
indicating the filmis tending to reach a constant val ue.
We've started out in air, but we do plan to go later this
fiscal year into testing in a range of aqueous environnments
over a range of conditions and obtaining the kinetics as a
function of environnent and tenperature, and al so can do that
as a function of applied potential. On the right is an

anal ysis of the passive filmon Alloy 22 by tinme of flight
secondary ion mass spectronetry. Wth this technique, you
basically can spatter an inert gas, such as argon, across the
surface and you spatter away one atomlayer at a tinme and you
anal yze the atom | ayer using mass spectronetry. So, you can
determ ne the conposition of the filmas a function of depth
on a very fine scale. These are data generated at the
University of Western Ontario in a fairly aggressive one
nol ar sodium chloride at a very acidic pH and 85 degrees

Centigrade. The upper right plot here is Alloy 22 with the
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initial air growm oxide film Wat you can see is the form
is very rich in nolybdenum and chromum They tend to
concentrate near the very outer surface and the thickness of
the filmis on the order of 3nmwhich is very simlar to this
starting filmof 2nm \Wen the filmis potentiostatically
pol arized to a given potential--in this case, 200nV which is
slightly above the corrosion potential in this solution--we
see a very simlar filmto the air fornmed filmwth

nol ybdenum and chrom um enriched near the outer surface and

sonme evidence of nickel, also. Wwen we go up to a pretty
oxi di zing potential, the chromumstarts to drop relative to
t he nol ybdenum And, we know from x-ray photo el ectron
spectrometry nmeasurenents which are in the backup slides--1I
don't have tinme to go into them-but the val ence state of
chromumin this filmis +3. Wat is very likely to happen
in here at this high potential is we're oxidizing the
chrom um +3 which is insoluble to chrom um +6 whi ch dissol ves
into the water. And so, the chrom um concentration is
decreasing, especially near the surface of the film

Next slide. In extrapolating short-termdata or
relatively short-termdata at very long tinmes, it's inportant
to understand any potential degradation nmechani sns that m ght
occur over long times that could degrade the protectiveness
of the passive layer. These are sonme nmechani sns that have

been specul ated about in terns of their applicability to
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Al'loy 22. There are undoubtedly other nechanisns, as well.
We do have an active plan to address these issues with very
focused tests. The probability, we feel, is |Iow that these
mechani snms wil|l actually occur over tine, but it's inportant
to get sone handle on the probabilities. So, focused tests
are the way to do that. W do have sone tests underway and
we have test plans and are developing nore to be able to
address these issues. In the backup slides, there's nore
detail on each of these particular nmechani sns and in sone
cases our current plans to address understandi ng those
mechani sms.

Next slide. As you know, the project has convened
an I nternational Waste Package Performance Peer Revi ew Panel
The first neeting was held in Las Vegas a nonth or so ago.

And, the panel will, anong other things, address the
appropri ateness of our plans and our current path forward
efforts. As you're well-aware, the Board is al so convening
in this case a workshop on July 19 and 20 to address these
same degradati on nechani smi ssues.

Next slide. In attenpting to project relatively
short-termdata, in addition to our own data, there are
i ndustrial data on the corrosion behavior of Ni-Cr alloys
that go back al nost 100 years to sone of the first alloys.
But, that's still a short time, and in attenpting to project

forward, a determnistic approach offers the potential to



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

366

gain insights and to reduce uncertainties associated with our
current enpirical extrapolation. Wen one |ooks at

mechani stic nodel s to descri be passive filmgrowh behavi or,
the two main nodels are the point defect nodel and the sem -
conductive oxide nodel. There's significantly nore data in
the literature on the point defect nodel in a range of alloy
systens, as was described earlier by Geg Gdowski. W are
currently devel oping a point defect based generalized
corrosion nodel for predicting cumul ative general corrosion

damage. And, it will predict both general corrosion and
ultimtely breakdown of the filmif it were to occur in

| ocalized corrosion. And, again, the details of our current
status of that nodel and the path forward is in the backup
charts.

Localized corrosion is if the passive film breaks
down and we get |ocalized corrosion, the rates tend to be
orders of magnitude higher. So, it's very inportant to
understand the margins that exist against |ocalized corrosion
occurring. |In considering that, it's inportant to know t hat
t he range of relevant environnents are buffered or inhibited,
if youwll, with nitrate, sulfate, probably carbonate and
silicate. This anion ratio of chloride to nitrate plus
sulfate for all of the relevant environments that have been
identified tends to lie 2 to 1 or less. There's a

significant amount of buffer ions to chloride ions. In
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addition, the corrosion potentials that are neasured rel ative
to the critical potentials, they're significant margin and
we' ve described sone of that data to the Board earlier
However, it is possible if we're very oxidizng, if the
potential is very high, and we're in concentrated chloride
solutions where the chloride to nitrate and sulfate tends to
be high and high is on the order of 10 to 1 or higher. One
can break down the passive film especially with a crevice
sanpl e, and pol arize the very high potential.

Next slide. Wat are shown here are sone data out
of the waste package degradati on PVR of the neasured
corrosion potentials measured during short-termcyclic
pol ari zation tests over the range of environnents, the

significant range of environnments, and they tend to lie from

about -250 to -50mV on the silver-silver chloride scale.

And, over the range of the long-termcorrosion test facility
of roughly to 60 to 90 degrees and, in fact, over the whole
range, there's really--the slope of the tenperature
dependency curve is relatively | ow when one consi ders
conparing that toit. In this case, this is a plot generated
an University of Virginia on a project programof the crevice
repassivation potential. These are crevice sanples polarized
at different potentials or actually cyclically polarized and

the repassivation potential is nmeasured in this case in 4

molar lithiumchloride with an anion ratio of 10 to 1. So,
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it represents a pretty aggressive environnment. And, we can
see that the repassivation potential which is the m ni num
potential for localized corrosion tends to increase very
rapidly as we go from about 95C to about 85 Centigrade on the
order of 600nV of increase. And, when one conpares the
corrosion potential with this repassivation potential, the

| oner the tenperature, the nore margin, and the margin tends
to increase rapidly in this tenperature range.

Next slide. This is a conparison of Alloy 22
corrosi on behavi or nmeasured potentiostatically wth a nunber
of other--it's probably hard to read that. But, Alloys 625,
C 4, C 276, C 2000 conpared to Alloy 22. These are al
corrosion resistent N-Cr-M alloys. And, what we see over
this tenperature range fromthis, we're dealing from 25
Centigrade to 85 Centigrade, is that there's very little
tenper ature dependency of Alloy 22. There's sone, but it's
smal | at 200mV which is near the corrosion potential. Wen

we go to a pretty oxidizing potential, the corrosion rate

sl ope goes up, but it's still not |arge conpared to sone of
these other alloys. These take off of these vertical |ines
where crevice corrosion is observed. At this tenperature and

potential, crevice corrosion starts. |t doesn't occur on
Alloy 22. It does on sone of the other alloys. W have data
intermedi ate potential of 350mV which we've used to cal cul ate

an activation energy and it's in the SSPA. | think Geg
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Gdowski, it was on his chart earlier. This activation energy
of 32kJ/nmole is very close to the 36kJ/nole for the
Uni versity of Virginia data.

Next slide. So, fromthe very brief overview l
gave, | think we can conclude a nunber of different points.
One, both the project and the literature results, as well as
other nmultiple lines of evidence, such as the conmmerci al
anal ogues and al so potentially the Josephenite that I
descri bed at a pervious Board neeting, they support the basis
for extrapolation of the corrosion rate over long tinmes. In
terms of localized corrosion, the currently neasured
resistance to localized corrosion is very high, but one does
gain margin, very significant potential margin, with | ower
tenperatures. W do have a very conprehensive experi nent al
and passive filmnodeling program |It's defined and it's
underway. The data generated will decrease uncertainty. By
the end of this year, we'll have extensive data, but the
program goes on | onger term

Next slide. As | nentioned, we did convene a peer
revi ew panel to assess the adequacy of our current approach
and path forward, particularly in the areas of extrapol ation
of corrosion rate data over long tinme periods, |ong-term
passive filmstability, and our degree of confidence in the
| ocal i zed corrosion margin, if you will, over long tines.

Thank you.
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CHRI STENSEN: Thank you. W have tine for a couple of
qguesti ons. Sagués?

SAGJES: Yes, thank you. This question goes back to
Greg Gdowski's presentation this norning and one of the
i ssues that you nentioned which is the introduction of the
t enper at ure dependence of the uniformcorrosion rate. | know
that the effective value for an activation (inaudible) was
obtained fromthe potentiostatic experinents and sone of the
ot her potential dynam c experinents that were perfornmed at
Uni versity of Virginia by John Scully and those people. Now,
for the purposes of the SSPA cal cul ati ons, you took that
activation energy and applied it to which uniform corrosion
dat a?

GORDON:  The data fromthe | ong-term corrosion test
facility.

SAGJES: Ckay. And, of course, that one involved a
nunber of tenperatures. | understand that those data didn't-
-the results didn't change very nuch with tenperature.

GORDON:  Ri ght .

SAGJES: So, | guess, what tenperature center point did
you use to--

GORDON: 60 degrees C.

SAGJES: 60 degrees. So, you took the |owest of the
tenperatures that you had before and then you went fromt hat

tenperature up and down. |Is that correct?



© 00 N oo o B~ w N P

N N NN B R R R R R R R R
W N P O © N O U~ W N R O

24
25

371

GORDON:  That's correct. So, the rates tend to be | ower
at | ow tenperatures than the previous rates which we took
essentially a constant rate over tenperature before and they
tend to be higher at higher tenperatures than we used
previously in TSPA/ SR

SAGJES: Ckay. That's really it. Considering the tinme
that we have available, I'"mgoing to stop.

CHRI STENSEN: Ckay. | think given our tine what we'll
do is take a brief break. Carl D Bella?

DI BELLA: Carl D Bella, thank you. Jerry, | notice
all of the data--the agueous corrosion data in your paper
here is at 85 degrees--no, 90 degrees Centigrade except for,
| think, one or two points at 120. But, this norning, it was
made cl ear that aqueous environments on the waste package can
exist from 120 to 160 or so. What are you going to do to get
sonme data in that tenperature range?

GORDON:  We're doing several things. W're running a
series of potentiostatic tests to neasure corrosion rate over
a nmuch broader range of tenperatures and environnments and
we're running cyclic polarization tests. | think the |ast of
nmy backup slides are sone results in calciumchloride with
and without nitrate present. You have ny backup slides and
it's the very last slide.

(Pause.)

GORDON:  This is a cyclic polarization curve. It's at
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120 degrees Centigrade. W are devel oping data at hi gher
tenperatures. But, what is shows, this is basically
saturated calciumchloride, in this case with calciumnitrate
present and in this case only calciumchloride. And, what
one sees is that the margin between the corrosion potenti al
and what is very likely in this case a critical potential or
breakdown potential is relatively small, as you m ght expect
in pure calciumchloride. Magnesiumchloride would be very
simlar. But, with the nitrate present, the curve basically

traces many of the other curves that we've generated in the
ot her sinmul ated concentrated water kind of environment where
the curve starts to break over probably from oxygen evol ution
rather than film breakdown because we've seen no evi dence of
| ocalized corrosion on the sanple after the test. So, we've
gone to over 1000mV in this case without |ocalized corrosion.
But, if the nitrates and the sulfates, presunmably, and sone
of the other buffer ions aren't present, these environnents
woul d be very aggressive.

DI BELLA: | think that chart is very illustrative of
why it's very inportant for the project to show that the
buffer ions are always going to be there.

CHRI STENSEN: Carl, thank you. | want to propose a very
brief break, five mnutes, mainly for the benefit of m ddle-
aged nen in this room such as nyself. W wll reassenble in

five m nutes.
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(Whereupon, a brief recess was taken.)

CHRI STENSEN: W do need to nove al ong and | apol ogi ze
for all ny colleagues here that we're having to be on such a
relatively short tinetable.

Qur next speaker is Janmes Blink fromthe Law ence

Li vernmore National Laboratory who will be giving us an
eval uation of the range of thermal operating nodes. Jin?

BLINK: I'mthe |lucky one who gets to sunmarize all the
information that was presented in the earlier talks just
trying to contrast the higher versus the | ower tenperature
nodes. So, |'ve got the synthesis job in a pretty short
time. The way I'mgoing to do it is to walk through the
different aspects of the systemfollow ng the water droplet
like we usually do and I'Il try to show you the basic data or
the things that are dependent on tenperature at the process
level and then I'Il try to draw sone conclusions as to
whet her it nakes a difference at that process |evel for that
subsystem based on the status of our current nodels. Leon in
the dry run asked me if | would try to draw that concl usion.

So, | didand | put it in blue italics for Leon.
Next. The first area is the thermal seepage.

There's a small difference in the early tinmes in the rate of
seepage between the higher and the | ower tenperature
operating node. And, there's also a small difference in the

fraction of |ocations that see seepage, but those differences
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are not very large and don't make nuch difference to the
overall TSPA nodel. The differences in this tinme frane are
related to the humdity issue that we discussed earlier and
"1l get into that a little bit later.

Next. Actually, can you go back one, sorry? The
nodel , as Bo pointed out to you for the |ow tenperature
operating node is essentially an anbi ent seepage nodel, but
for the high tenperature operating node, the process node
gi ves you | ower seepage than the TSPA abstraction and that
is, in turn, lower than an anbient situation. So, have nore
conservatismin the TSPA than we do in the process nodel

Next. The thermal history, the question is whether
our nodels, our PA nodels and our process nodels, apply
equally to both operating nodes. Wat we did here is we took
the | ower tenperature operating node thermal history and we
just started adding times to it delaying it in tinme until we
could see it lay pretty close to the high tenperature
operating node |late tine period. And, the delay, depending
on whether you're trying to match the peak or match nost of
the curve, is somewhere in the nei ghborhood of a couple
t housand years to 5,000 years. The point being here is that
if there aren't any pernmanent changes made to the natural
systemor if you haven't done anything to the engi neered
systemto fail it during the thermal pul se here, when you get

out in the later tinme of the high-tenperature operating node,
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it's just like the lowtenperature node. O to be said
anot her way, the nodels are equally applicable and we just
have to add on top of the | ower tenperature nodels the
informati on that happens during the high tenperature pul se.

Next. This is a slide that Bob MacKi nnon showed
you earlier. It shows you the range of tenperatures that one
woul d get fromdifferent types of waste packages for the
hi gher and the lower or fromdifferent |ocations in the
repository for a typical waste package for the higher and the
lower. The variability range by location and type is on the
order of 20 degrees, but the variability range between
operating nodes is of the order of 90 degrees. So, clearly,
operating node makes nore difference than | ocation or waste
package type.

Next. This is a slide you haven't seen. | wanted
to show you a few that you hadn't seen before. This shows
four snapshots in tinme; right after closure, at the peak
tenperature time for the higher tenperature operating node
and the | ower tenperature operating node, and then at 2000
years and 10,000 years for each. This shows the tenperature
across the footprint for a typical waste package, a typica
PWR.  Wiat |'ve done is |I've changed the rai nbow, the color
scale, as | go along in tine, but |1've nade the scale be the
same scale for the higher and the | ower tenperature operating

node at each tinme point. So, you can see that at the early
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ti mes near closure, of course, the high-tenperature operating
node is much warner than the low. And, simlarly, at the
peak tenperature, it's much warner. But, as we go in tine,
they get closer and closer together visually and have the
sanme sort of pattern of the cooler tenperatures eating their
way in fromthe edges. The spatial variability at al nost al
the tines is fairly simlar, as well; just the nunber of
degrees fromthe edge to the center. At 10,000 years,

al t hough the distribution is simlar, there is a slightly
cooler, only a few degrees, but it's slightly cooler, and
that's the source of that relevant humdity difference. It's

just a few degrees, but that changes the heat transfer rate

j ust enough to cause a hum dity depression still at 10,000
years.

Next. This one shows you the hum dities now. A
couple of things that just junmp right out at you, we're dryer

in the high-tenperature operating node in these two periods
and we're dryer in the | owtenperature operating node at the
| ater periods. And, Bob MacKi nnon showed you where the two
curves crossed. This is a graphical way of looking at it.

| f you study these figures closely, you can al so see the
edges and center are a little bit different fromeach other.
You have a drier high-tenperature operating node early
because you're at a different point intime. Mke WIson

told you the closure tinme is 50 years and 300 years for the
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two cases and that makes a difference because the waste
package heat output is different at those two tines.
Simlarly, the high-tenperature operating node dries out sone
of the near-field rock and so the relative humdity is based
on a different rock saturation as a peg point. But, when you
get out into the 2000 years to 10,000 year tine frame and the
rock is rewet, nowit's just the Delta T, the tenperature
di fference between the inside and the outside of the drift.
Next. This shows you a--it has a probability
distribution. This augnents the one that Bob MacKi nnon
showed you. The left side is showing you the tine it takes a
wast e package to cone back to 80 percent humdity, the tine
com ng back fromthe dry side. And, this shows you the waste
package tenperature at that point in time. A couple things
are clear fromthis. First of all, the |owtenperature
operating node does stay dry |longer just as we've shown you
before and you can al so see the ranges. The three curves in
each of these are the uncertainty band based on the
uncertainty and the infiltration rate coming into the top of
the nodel. The | ower tenperature operating node humdity
does | ast--stay depressed longer. This fornula down here
shoul d answer the question that Dan asked a couple of tines.
The relative humdity is a ratio. The nunerator is the sanme
in both of these because we have a well-m xed gas in the

drift, but the denom nator, the saturation pressure, is a



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

378

strong function of tenperature and that slight difference in
tenperature between the two will drive the humdity.

Next. This one is sort of a digression fromthe
hi gher versus the lower. Qur base case for the | ower
tenperature operating node is 300 years of ventilation, 1.1
nmet er average spaci ng of the waste packages, but with
variable ranging from.1 neters up to between 2 and 3 neters
and 15 cubic neters per second of ventilation. That's one
way to get at a tenperature on the waste package of around 85
degrees C peak. But, there are other ways that one can get
there that our nodels were able to distinguish. Another way
that we | ooked at is we pushed the waste packages cl oser
together, just as in the high-tenperature operating node.

So, they're about 10 centineters apart. But, we took the
hottest waste packages and we reduced their heat |evel. And,
we did that by taking sone assenblies out of those hot waste
packages by getting the PWRs down to around 16 assenblies
api ece. And, that made a nmuch snoother heat distribution
along the line of the drift and we achi eved about the same
peak tenperature. A third way to do it is we put the ful
capacity waste packages together so that the drift | ooks
identical to the high-tenperature operating node drift; the
sanme waste packages, the sanme spacing. But, we pushed just
farther apart to about 97 neters apart. Al three of these

have about the same peak tenperature and they have exactly
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the sane footprint, sanme aerial mass loading. So, it didn't
matter nmuch which way we went fromthe viewpoint of
tenperature. Gven that, then | would say other factors
besi des tenperature or dose, factors such as uncertainty or
wor ker safety or cost, could be very inportant to the
deci sion maker to decide just what design we would go with if
we were going to go to a lowtenperature operating node. In
t he backup slides, |'ve got two of three nore on this subject
i ncludi ng one that shows what we call the ball park chart.
Next. This is also one that Bob MacKi nnon showed
you. This one has had a few updates to it because it's a
l[ittle nore recent than his. Wat we are showi ng here is on
the Y axis is the peak tenperature nornmalized to the base-
case. Each of these bars varies in independent paraneter
that is either uncertain or has sone spatial variability
within the nountain. The one that's nbst inportant to us is
the lithophysal porosity. 12.5 percent is our base-case and
that's taken from mappi ng data of the cross-drift in the ESF.
But within that area, there's regions that have al nbst no
porosity, lithophysal porosity, and regions that are up to 25
percent. So, we went ahead and recal cul ated the thernma
conductivity and the heat capacity based on that |ithophysal
porosity and then stuck it back in the nodel to see what
tenperatures we got. \Wen the |ithophysal porosity was high,

we coul d get 80 degrees C higher tenperature than the base-
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case. Wen the |ithophysal porosity was |ow, we could get
about 15 degrees C depression in tenperature or |ower
tenperature. For the |ower tenperature operating node, we
did the sane thing and now t he range was about -5 degrees/+20
degr ees.

You can see fromthe next one that the therma
conductivity is the biggest part of that, the heat capacity
being a much smaller part of that sensitivity. W went
through and we did this thing for | ooking at the bulk
perneability of the rock, the variation we could have in
that, the thermal conductivity of the invert, the variability
anongst the waste packages. How does it vary fromthe
col dest defense high-level waste package to the hottest PWR
package? W |ooked at the way we treated the in-drift heat
transfer. Did we do thernmal radiation using a T' kind of |aw
and calculated it explicitly or do we go and take a handbook
correlation and use it?

Simlarly, in-drift air perneability in these
nodel s, we varied that. Ventilation efficiency, plus or
m nus 10 percent. It nmade a small difference, but not a very
| arge one. In our calculations, we assune all the waste goes
into the nountain at the sane tinme, 300 years for the | ow
tenperature operating node. But, actually, the enpl acenent
period is 22 or 23 years in base-case for these cal cul ati ons.

So, we went ahead and varied that period plus or mnus 22
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years and it nmade alnost no difference for the | ow
t enper at ure operati ng node.

The other one that was a very |arge difference was
the ventilation efficiency, how we treated that. In our
cal cul ations of ventilation efficiency, what we actually get
is an efficiency versus tinme. Starting out very |low and then
going up sort of like a nose and then finally leveling off
towards an (inaudible) or slowy increasing with tine.
Normal |y, the way we use this result is we average it over

the ventilation tinme and just reduce the power of the waste
packages in the calculation to avoid having to do the Napier/
St okes kind of ventilation calculation sinultaneous with the
heat transfer in the rock. For this calculation, we went
ahead and put it in as a tine dependent function to see what
woul d happen. And, we had preclosure tenperature spikes in
that cal culation. For the high-tenperature operating node,

it got alnbst to the |level of the post-closure tenperature;
and, for the lowtenperature operating node, it actually got
up to nmuch higher than the post-closure tenperature in the
nei ghbor hood of 120 degrees for a preclosure tenperature.

Now, is that the correct answer? No, because the ventilation
calculation itself has sone assunptions built into it, but
what it tells us is we've got to go pay nore attention to
that and cal culate this on our next round even nore carefully

and couple the two nodel s together there.
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The | ast one, those are the three nethods of
achieving the | owtenperature operating node.

Next. Bo showed you this one. This is the therno-
mechani cal, the hydrol ogi cal changes to the nountain.
There's a |lowtenperature and a hi gh-tenperature case and you
can see that the changes are about the sanme. The variability
in the fracture perneability spatially in the nmountain is
| arger than the kind of changes we woul d induce either
tenporarily or permanently. So, it doesn't make much

difference to the performance, either th seepage or the

transport.

Next. This is the chem stry. Bo showed you this
one, as well; the carbon dioxide, the pH, the chloride, and
the fluoride for the anbient situation and then for the

hi gher and | ower tenperature operating nodes. The biggest
feature of this is the depression in the CO in the gas and
the reason for that is because we're displacing alnost all of
the air which includes the CO for a while and replacing it
wi th water vapor

Next. This one shows you the pH up here for the
hi gh-tenperature and | ower tenperature operating nodes and
the CO for the sane two nodes as a function of time. Now,
this is what it |ooks |ike when it comes out of the rock into
the drift. This is taking that nore detailed curve fromthe

previous chart and abstracting it intine. So, it has this
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hi st ogram ki nd of nature so that they can put it into the
TSPA nodel. Before it actually is used in the TSPA nodel
however, we put it together in an equilibration nodel, a
precipitation and salts nodel, and Bob MacKi nnon showed you
the results of that. So, | want to enphasize at this point
in time, the gas conposition has not been equilibrated with
the liquid conposition. It's an internmediate step in the

pr ocess.

Next. Ckay. Waste package corrosion, you' ve heard
that fromthree different speakers already. This is ny
bottomline of it. This is the curve that Jerry and G eg
showed you, the general corrosion rate as a function of tine
with the 25 to 75 percentile uncertainties. That was
calculated fromthe potentiostatic polarization neasurenents
in aggressive environnents in order to get corrosion fairly
qui ckly. Then, we took that tenperature dependence and
applied it to the 60 degree Clong-termcorrosion facility
data so that the rate would go higher than neasured at 90 and
go lower at the 25 degrees C. Wen you put that into the
nodel , you only have sone differences at the begi nning and
out here. 1In effect, this difference right here is the cause
of that difference in the dose curves that M ke WIson showed
you. In here, you have the higher tenperature and the
difference in time that the corrosion begins because of the

closure tinme and the humdity depression for the |Iower. CQut
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here, you have the history of the corrosion at the higher
tenperature having caused your waste package to fail a little
bit sooner.

There's a couple of other things that we add to
this general corrosion rate. For m crobiological induced
corrosion, we add a factor between 1 and 2 to that corrosion
rate. And, for aging for the closure well, we add a factor
of between 1 and 2-1/2. The bottom|line though is the high
and | owtenperature operating nodes are fairly simlar
unl ess, of course, this delay is sonmething that woul d cause
you to make a choi ce.

Next. [I've tried to synthesize the | ocal corrosion
into one graph. This one takes a little bit to follow The
tenperature and hum dity curves that Bob MacKi nnon and | have
showed you, |1've cross-plotted themso that at the tinme of
peak tenperature and maxi num dryout, you're down here. And,
then in tine, it proceeds up eventually at 100,000 to a
1, 000, 000 years and you're up here back to near 100 percent
hum dity and 25 degrees C, the anbient tenperature. The
width of this band is the different |ocations on the
footprint and the different types of waste packages. So,
that band represents 7,000 individual waste package
tenperature and hum dity histories. Simlar for the blue
band, it does the sane thing for the | ower tenperature

operating node. So, time on this scale is going upwards and
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to the left.

| ve superinposed on this two-thirds of the crevice
corrosion initiation wi ndow of susceptibility. That depends
on what kind of salts you have that determ ne the chem stry
of the film If mag chloride alone was determining it--this
is the deliquescence curve that G eg Gdowski showed you for
mag chloride, this is the deliquescence curve for sodium
chloride up here. So, for a mag chloride situation, the
tenperature boundary is in the 85 to 90 degree Crange. O
course, you can't get above the boiling point and this whole
w ndow here is a wi ndow where it m ght happen if the pH
constraint is also nmet. For sodiumchloride, the windowis
much smaller. If you have a buffered situation, it may be
that there is no window, at all. Maybe that the buffering
ions counteract the chloride ions. There is an error on this
chart. These two toes should be together. W extrapol ated
these two curves off of Geg's chart and the artist didn't
realize that they had to end up together. Bottomline is in
t he process nodel, we | ook at tenperature, we | ook at
chloride, and we | ook at pH The pH dependence was mnuch
stronger than either the tenperature or the chloride.

In TSPA then, we nade a sinplified abstracted nodel
where that strongest contributor, pH, was the dom nant one.
Al right. The result was both operating nodes had no

crevice corrosion. In the |owtenperature operating node,
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the tenperature criteria alone at the process |evel would be
enough to concl ude you woul dn't have the crevice corrosion.
But, at the high-tenperature operating node, you have to do
to the pHcriteria which is a nore conplicated argunent. A
long story as to why there was no difference in the end that
the crevice corrosion didn't cause you a problem 1In a
sense, what that neans is we're not tal king about performance
here for |ocalized corrosion, but rather uncertainty in the
concl usi on.

Next. Water diversion in the EBS. W've done sone
i nprovenents in the nodel. Kevin Coppersmth summarized them
quite well. W' ve changed the way that we treat the geonetry
here so water doesn't flow uphill or seek a hole, but is
properly distributed. And, that inproved our basic TSPA
nodel. We also did a one-off study in the unquantified
uncertainties area where we had condensation occur on the
inside of the drip shield. And, we allowed that condensation
to occur anytime that the drip shield was cool er than the
invert. And, we made the nodel water avail able, but be
controll ed by the anmount of water that was evaporating from
the invert which we are calculating in the TH nodel

And, we had one nore thing we had to know, if water
condenses on the surface, what's the probability that it wll
drip on the waste package as opposed to runni ng down the side

inaflow? And, because we didn't have a cl ear nodel for
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that yet, we sanpled between zero and 1 for that; zero
meaning that it would all flow down the side of the drip
shield and 1 neaning it would all drip. And, we sanpled the
conti nuous range in between that.

One last thing is we | ooked for corroboration of
that nodel to see if we could get at that sanpling and we had
one 25 percent scale test out at the Atlas facility. In that
test, we did have sone condensation. However, it al
occurred down here on the invert. So, we didn't actually get
to determ ne whether it was a dripping phenonenon or a film
fl ow phenonenon fromthat particular test.

Next. Waste form 1've plotted here the two things
t hat were nodel ed that were found to be the nost inportant
that were tenperature sensitive. One was the neptunium
solubility, 25, 60, and 90 degree C curves here. The other
had to do with the cladding. This is the corrosion rate or
oxidation rate of the spent nuclear fuel through a pinhole in
the cladding and this is the resultant unzipping rate of the
cladding. All of the other itenms in the bullet were | ooked--
the bullets were | ooked at, but we didn't put theminto the
nodel either because we didn't know them wel| enough to put
themin the nodel or because we knew them wel|l enough to know
that they were a fairly small factor.

Next. Engineered barrier systemtransport. W' ve

al so spoken about that earlier today and yesterday, both in
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t he waste package and also in the invert. This shows you the
normal i zed di ffusion coefficient normalized to 1, being the
late tine values for the high and the | ower tenperature
operating node. Because these tinmes are the tines of maxi num
tenperature, 1,000 years, 10,000 years and so forth and those
times have different tenperatures for the different operating
nodes, the tenperature dependence is shown here as the

di ffusion coefficient dependence. When you apply these to a
br eakt hrough nodel, this is the breakthrough curve for the
two. It's, in essence, a transient tine across the invert.

Al though it |looks fairly different, the |og scale can fool
you. It's only decades to a century or so and that's

probably not enough to make nuch difference.

Next. The unsaturated zone transport, we've talked
about the drift shadow. | wanted to focus here on sonething
that gets brought up every once in a while, usually when

we're at one of the KTl neetings with the NRC. That's w |
there be any tenperature-driven changes to the Calico Hlls
area that would either cause the flow through the Calico
Hlls to be different or would cause the sorption in the
Calico Hills to be different? And, the conclusion fromthe
UZ people's work was that even for the high-tenperature
operating node, the tenperatures only got up to about 75
degrees C. That wasn't high enough and it didn't persist

| ong enough to nmake significant alteration that woul d change
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sorption or flow
Next. You've seen this one before, the total dose,
and we' ve explained why there's small differences here and
| arger difference here. Mst of the failures happen well -
beyond the thermal pulse and so the dose rates are generally
simlar and we understand why they are a little bit different
in sone places.
Next. This is the horsetail plots for the two.

You' ve seen those, as well, before. |If | mxed up the |abels
on those two, |I'mnot sure anybody woul d have noticed. They
just look very, very simlar. M summary of this whole
putting all of the process nodels together is the TSPA
uncertainty ranges for the two nodes were simlar. The
nodel s, the sane nodels, could be applied to both operating
nodes. The process | evel nodels were used to eval uate the
subsystem uncertainties and in sone cases those were
propagated into the TSPA abstractions, but in other cases,
they weren't. And, | think that's the |last slide other than
t he backups.

CHRI STENSEN: Thank you. Time for just a couple
guestions. Paul Craig and then Dan Bull en.

CRAIG One of the main issues that we've been talking
about over the years is coupled processes and the tenperature
dependence of coupled processes. And, when you find these

smal | differences, one wonders about the nodeling of the
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coupl ed processes. | recall that a year or so back, we had a
presentation fromBill d assley of Livernore who had done

t hr ee- di nensi onal conputati ons using the superconputer. And,
he tal ked a | ot about the possibility of dissolution and
preci pitation and he al so had many chem cal species that did
have strong tenperature dependence to the reactions. So, |
just ask--1 have no idea what the answer is--but if one were
to go to that kind of a consideration of how the coupl ed
processes operate, isn't it possible that you would find much
stronger differences between the high-tenperature operating
node and the | owtenperature operating node? | don't expect
you to know the answer to that. [I'mjust laying it out as a
specul ation to try and understand why the differences are so
small in all the presentations that we've heard here and j ust
suggest that in reality the differences m ght be nmuch | arger

BLINK: Yeah. Bill dassley's nodel is a nodel that's a
step forward fromthe nodels we're using in that he can
cal cul ate a bigger domain, a bigger physical domain, and he
can put nore reactions in.

CRAI G  Yeah.

BLINK: But, for the mnerals that seemto matter the
nost in either his calculation or the calculations that Eric
Sonent hal does at Berkel ey, we get very simlar answers.

Bill had sone answers four or five years ago that showed nore

reduction in perneability than our current cal cul ations and
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those are attributed to a change in the fracture porosity of
about a factor of 30 fromthat point intime to what we
believe it is over the last few years with our best know edge
of the system Based on that best know edge of the system
that 1 percent of the fracture porosity could get reduced to
99 percent of the 1 percent. So, it's a very small change in
the calculations. | don't think Bill's calculations are nuch
different than that for the repository situation

CRAIG Ckay, thank you.

BULLEN: Bullen, Board. Could you go to Slide 14,
pl ease? | have a question about your MC It appears that
you're adding MC or a factor to nultiply for
m crobi ol ogically influenced corrosion to the general
corrosion node. Wiy is that instead of the | ocalized
corrosi on node?

BLINK: That's really an excellent question because |
woul d t hi nk mechani stically that the M C woul d break down the
passive filmand be the initiating point. It's really an
enpirical result. Joann Horn did the coupon tests and the
nor phol ogy she saw was a relatively broad attack. So, that's
why they applied it. | suspect that when we do nore work on
this over bigger sanples that it mght, indeed, end up being
a localized effect.

BULLEN: Bullen, Board. 1Is that in one of the chapters
of the SSPA or is there an AMR or PMR that | could go dig
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back through?

BLINK: That's actually, | think, in the--it's in the
wast e package PVR.  Jerry, do you know which AMR it's in or--

BULLEN: That's okay. [It's buried in the AVMR and PMRs;
it's not--

BLI NK:  Yes.

BULLEN:  Okay.

BLINK:  Yeah, that was in the TSPA/SR It hasn't
changed, | don't think, for the SSPA.

SPEAKER: Al l oy 22 AMR

BLINK: Say it again?

BULLEN: Al loy 22 AMR okay.

BLINK: Al loy 22 general corrosion AVR

BULLEN: Ckay. One nore quick question. Can we see
Slide 21?7 And, just so Kevin Coppersmth doesn't get the
right idea that if he tal ks | ong enough, he doesn't get any
questions, I'mgoing to ask himthis question that | was
going to ask him before our esteenmed chairman cut nme off, a
qgui ck one. This one, Jimshows us and says we don't see any
di fference between LTOM and HTOM The question | have is
that in evaluating an additional work for the unquantified
uncertainties, do you expect to see a differentiation between
the two; if so, why, and if not, why not?

COPPERSM TH: This is Kevin Coppersmth. Let me get

clarification. Are you talking about the eval uations that
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are going on right now and will in the next couple nonths or
are you tal king about in the years in the future?

BULLEN: Bullen, Board. First, in the next couple
nmont hs because we want to know if there's going to be a
di fference between now and SR and then you can specul ate
about long-term if you want, but basically the next couple
nmont hs was ny question.

COPPERSM TH:  No, | think over the next couple of
nmonths, the goal is to gain additional insights into where we
are on these right now \hat are the contributors to
resenbl e the nmedi an and nean differences and so on that Jeff
Wng tal ked about earlier, the uncertainties as a function of
time, function of does, that type of thing.

BULLEN: Thank you.

CHRI STENSEN:  Thank you, Jim Qur next speaker is
Ardyth Simons who will be talking to us about the
devel opment of multiple lines of evidence. Ardyth is with
Lawr ence Livernore National Laboratory.

SIMMONS: Well, this is going to take us slightly to
return fromthe highly technical talks that you just heard.
O course, we spoke to you about multiple Iines of evidence
in the April neeting and also in the May neeting. You've
heard about them sprinkled through all the tal ks today pretty
much. So, ny presentation will have nore of the flavor of

how we devel oped the nmultiple lines of evidence. | just want
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to take you back to what we've been using as a working
definition and that is that nmultiple lines of evidence are
i ndependent |ines of reasoning that are used to denonstrate
how wel | a system a subsystem or a process is understood.
They can be any of these things here. You' ve heard about
exanpl es of natural anal ogs, cal cul ations, sensitivity
anal yses, observations fromsite characterizations, from
experinments, and independent nodeling studies done by other
entities.

When we enbarked on this exercise of devel oping the
SSPA and wor ked on developing multiple lines of evidence, we
focused on areas of uncertainty, particularly with respect to
the operation of the processes over |long spatial and tenporal
scal es where we don't often have the kind of evidence from
even long-termtests that we would Iike to have. Fromthese
di scussions, we conpiled a list of potential multiple Iines
and a small team of people working on these for each of the
subsections of the report. |In doing this, we found that
there were benefit of using both quantitative and qualitative
multiple lines. Sonetines, in the absence of quantitative
data, you can still get an understanding of how a process
oper at es.

Now, the weight of evidence fromthe nultiple lines
varied widely fromone process nodel to another. An exanple

that | would give here is that we had quite a few lines for
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t he percolation flux, but less convincing in terns of the

wei ght of evidence for lateral diversion in the PTn.
Sonetines, furthernore, if a nodel denonstrated no effect due
to a process and here an exanple is the lack of effect of the
coupl ed thermal, hydrologic, and chemi cal effects on
transport, it was difficult to find nultiple lines if there

was no effect.

Now, |'m going to take you through--having gone
t hrough that sort of process oriented argunent, I'mgoing to
take you through three categories of exanples. First, |I'm

going to give you an exanple of where nultiple |ines of

evi dence seemto support our nodel, although inconclusively
at this time. Then, I'mgoing to give you an exanple where
real |y having an absence of evidence in a way provides
support for process. The third exanple will be a potentially
opposing line of evidence. The exanple |I'mgoing to use for
t he supporting has been brought up, on occasion, today and
yesterday in Bo's presentation and in others on transport.
This is the effect--1"msorry not on transport, on just the
thermal |y coupl ed chem cal effects on flow As you know from
what you've heard, there's been no permanent change to the
flow fields and paraneters during either the higher or the

| ower tenperature operating nodes. And, furthernore, with
the |l ower tenperature chem stry, it's quite simlar to that

of the anbient tenperature.
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Now, what we | ooked at for multiple Iines of
evidence in this case was both exanples from natural anal ogs,
fromboth at the site and el sewhere in the unsaturated zone
from |l aboratory experinents. And, here, where we have
exanpl es of anal ogs that are al ong shallow, intrusive, and
extrusive contacts in the unsaturated zone, these support the
idea that there's been a localized effect of the tenperature
on rock-water interaction, |localized alteration, and that

these are very close to the contacts, not only | ocalized, but

| ocal i zed close to the contacts.

The Banco Bonito and the Grants Ridge intrusion are
reported in various AVRs and also in this report. |'m going
totalk alittle bit about the Papoose Lake Sill at Paiute

Ridge. That's one that we're | ooking at both with field work

and with nodeling this year. And, here again, we seemto
have a |l ocalized effect of this sill that intruded in the
unsaturated zone that has been determ ned from near by

drillholes to have been at about the depth in the Rainier

Mesa tuff as the level of the repository, roughly 200 to 300

nmeters deep. Now, these are all exanples in the unsaturated
zone. If we |ooked at geothermal fields al so--and, of
course, geothermal fields, we're tal king about |arger scale

hydr ot hermal process, active processes, whereas these are
what | would call fossil hydrothermal exanples. And, of

course, the Yell owstone geothernmal field is in a saturated
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zone, but we selected one particular core to study that had
lithology very simlar to Yucca Mountain and Ash Flow tuff
and where we could | ook at what happened between the
conductive and the convective regines. The information from
this suggests that silica sealing may have fornmed in response
to transient boiling events associated with depressurization.

" m showi ng this as an exanple of the type of
alteration that we see at Paiute Ridge. Here's a hamrer for
scal e. These darker pink areas are the areas where
alteration has occurred along veins. The whiter areas are
the matrix. Although there is a little bit of alteration in
the matrix, you can see a fairly sharp contact here and these
anast onosi ng veins occur within eight feet fromthe intrusive
contact of the sill and we don't see that kind of alteration
beyond about 45 feet away fromit.

| nmentioned in the previous bullet regarding
Yel | owst one the influence of boiling. And, boiling is, of
course, one way in which you can get precipitation of silica
or other mnerals. You can also get it through saturation
i ncrease and then evaporation. But, in these closed-system
hydr ot hermal fl owthrough experinents that were done sone
years ago by Livernore in the Topopah Spring and Bull frog
tuffs, they showed a small reduction in perneability at these
tenperatures in the absence of boiling. And, of course, this

was a cl osed-system experinent. Another experinment that is
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goi ng on, but has been conpleted with regard to a single
fracture at Berkel ey, showed that tuff dissolution and
precipitation in a boiling unsaturated fracture experinment
i ndi cated that there would be |ocalized zones with el evated
flux rates within the boiling front that woul d be nost
susceptible to self-sealing. And, that only small anounts of
total porosity reduction are required with narrow apertures
along the fracture to seal a fluid conduit. And, these
statenments are statenents that I would say have to be tested
out also with experinments on using nmultiple fractures and
this is work that we're getting started on with a | arge bl ock
of tuff. It will be going on this year and next year. So,
t he exanples fromthe natural anal ogs seemto support the
i dea of localized alteration along small anobunts where you
coul d have sealing of fractures, but not necessarily
affecting the entire flow system

| want to give an exanple now al ong sonet hi ng
entirely different where we saw absence of evidence which was
really, in a way, supporting evidence and this was seepage
enhancenment, both resulting fromrock bolts and from rockfal
and, essentially, we didn't see any seepage enhancenent from
rock bolts. There are observations of occasional dripping
along rock bolts in the ESF, but studies of the chem stry of
the dripping water indicates that it's probably condensation

and not actual backgrounds percol ati on seepage. Seepage
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enhancenment al ong rock bolts in saturated tunnels doesn't
really apply in this case because here the tunnel is not a
capillary barrier. So, we don't have any seepage enhancenent
fromthat cause. And, |ikew se, when | ooking at Rainier

Mesa, Altamra which is a cave in France, Mtchell Caverns in
California, and al so seal ed segnents of the ESF in the cross-
drift, we don't see seepage enhancenent fromrockfall.

Now, here's an exanple of potential opposing |ine
of evidence and this particular exanple is not included in
the SSPA, but it's one that we're working on now and it's
been brought up several tinmes as exanple of a | ot of seepage.
This is tunnels that have been drilled fromthe Santa Barbara
Water District in the Santa Ynez Mountains in the 1900s and
again in the 1960s that provided history of rock-water
interaction. And, along these tunnels, stalactites of
calcite have precipitated and they provide possibly a 100
year climate record. Here's a cross-section going fromnorth
on the right to south along the Santa Ynez Muntains and the
length of this tunnel is approximtely 6 kilonmeters |ong.

The di stance of flow paths through the Santa Ynez Munt ai ns,
it varies anywhere from 200 to about 600 neters. But, if you
notice sonething right away, you'll see that we have here

al nost vertically dipping beds which is very different from
at Yucca Mountain. These are sandstones and interbedded

siltstone and shale and so forth. The flow pathways occur
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al ong these beddi ng pl anes and occur along a couple of faults
that are found al ong here. Now, although the water table
isn't shown on this cross-section, it's felt that the seeps
are fromgroundwater and that wells at various locations in
the nountains indicate, at |east, perched water horizons that
are providing the water for the seeps.

So, those are ny three different exanpl es of
categories of types of nultiple lines that we used. This
list is just a quick list of the different kinds of anal ogs
and cal cul ations and so forth that you will find throughout
t he SSPA varying fromchapter to chapter, of course. For
exanple, | used literature studies nore heavily and we tal ked
here about corrosion as being an exanple of that. M crobi al
upt ake of colloids, a lot of that canme fromthe literature.
Qobservations fromlab and field experinments were nmentioned to
you today. All of these are exanples that you can find in
t he report.

So, what we learned fromthis exercise was a usefu
way of capturing previously reported work that we hadn't
really identified, per se, as nultiple lines, but that to a
| ar ge degree had been part of the site characterization
effort. It did stretch our imagination as far as what kind
of anal ogs we could use and the type of, let's say,
confidence or certainty in the mechanisns to explain those

anal ogs that we could use to provide our multiple lines of
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evidence. And then, it also gave us sone ideas of where we
need to strengthen our argunents in nultiple lines and we're
wor ki ng on those for the future. So, the SSPA was a work-in-
progress and we're going to continue working on the ones that
we didn't get to. These wll be included largely in the
natural analog report if they happen to be anal ogs, even
sel f-anal ogs for Yucca Mountain. W're including natural
analog work in all of the process in all of the process
nodels for this next year. W touched a little bit in this
nmeeti ng on analogs for the drift shadow zone and we have
several candidate tunnels that we're | ooking at for that
possibility and al so anal ogs to engi neered barrier system
processes. So, we'll continue to evaluate both supporting
and opposing lines.
| think that's the |ast one.

CHRI STENSEN:  Thank you. Menbers of the Board?

REITER Ardyth, this is Leon Reiter. W visited Pena
Bl anca a short time ago. Were do you see Pena Bl anca

playing a role now and in the future about the |lines of

evi dence?
SIMMONS: Wl |, our ongoing work at Pena Blanca is
directed towards providing greater confidence in the

unsaturated zone transport nodel of radionuclides. It wll
al so help us to gain sone understanding of transport in the

saturated zone, as well. But, in addition to that, we
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believe that there's utility in |looking further at the
secondary mineralization of the uraniummnerals and their
potential for sequestering daughter products and that could
provide sonme nmultiple lines of evidence or anal ogs for waste
form processes, retardation with the waste form You heard
today, for exanple, about the reduction of neptunium
solubility in the waste formand certainly getting an
understanding of the way that the uraniummnerals in this
narrow y confined ore body have been able to remain in place
for mllions of years will provide sonme confidence in that.

CHRI STENSEN: O her questions?

(No audi bl e response.)

CHRI STENSEN:  Ardyth, thank you very nuch

Now, I'd like to invite Bill Boyle to bring all of
this to a fine point with his concl usions.

BOYLE: Thanks for this opportunity to wap everything
up and I'd also like to thank Professor Bullen and Professor
Craig for their coments earlier today about the inpressive
amount of work done in the short time on the SSPA. Some of
t he peopl e responsi ble are here today, but I'll try and nake
sure that the others, the many people that did it are aware

of your comments.

| amgoing to try and be brief and | eave tine for
di scussions. I'll try and summarize what it is we had hoped
to comuni cate. Now, if Volunme | is 1300 pages and Vol une ||
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i s anot her few hundred pages, we've had the task of
communi cating four or five pages per mnute which is a
chal l enging task. There's a lot of material there. So, in
the next 15 mnutes, I'll try and summarize it.

You heard from Steve Brocoum yesterday that put the
SSPA in perspective with other docunents and there was the
comment by Brett Leslie of the NRC yesterday that 1'd like to
briefly touch upon. You know, Steve and | both yesterday
gave an indetermnate tinme frame for when these vol unmes woul d
be done and that's sinply because they're in review and we
want to make sure that they're done well and we don't want to
set an arbitrary date and just get a product that fits the
date. But, as soon as they're done, we will nake them
available. Volunme | will be finished first, and then a short
while later, a week, two weeks, who knows, a few weeks,
Volunme Il will be available. Then, although the docunents
weren't laid out around the four priority areas, they
certainly had a ot of material related to them and in the

four tal ks we just heard, you heard how t he SSPA addressed

themand 1'Il also briefly touch upon the continuing work.
Next slide. So, this is what | showed yesterday.
These next five slides are the exact sane ones | showed

yesterday norning. This is what | said | hoped we'd get
across and | hope we did get across with respect to the

uncertainty and conservatism W' ve broadened our
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uncertainties post-10,000 years. W said we were
conservative and we were, but we've al so changed our nodel
and with respect to the TSPA/ SR, before 10,000 years, we were
non-conservative with respect to the prior nodel, but we're
certainly conservative with respect to the regul ation.

Next slide. You' ve certainly heard from Bo and Bob
MacKi nnon, nost recently JimBlink, that there are
di fferences, observable differences, at the subsystem|evel,
but at systemlevel, the high tenperature and | ow tenperature
seem about the sane.

Next slide. You heard fromJerry Gordon and al so
earlier today from Geg Gdowski and Joon Lee. The SSPA
docunents this framework for the passive filmstability. It
docunents new i nformation with respect to stress corrosion
cracki ng and agi ng and phase stability. You also heard how
we included a nodel of tenperature dependence indicating

progress on the fundanmental understanding of corrosion and

we're still doing work, as Jerry Gordon nentioned.
Next sli de. And, you just heard from Ardyth on
the use of nmultiple Iines of evidence which | had indicated

yesterday | always think our scientists and engineers did it
and maybe didn't document it well, but the SSPA certainly is
a first attenpt at being very explicit about the
docunentation of nmultiple lines of evidence and you just

heard from Ardyth that we'll do it in future docunents.
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Next slide. And, this is the work that wll
followon. | nentioned that this work woul d be done during
the sumrer in the autum. This work is ongoing and we should
have sone input by the end of the year. This will be ongoing
for as long as we're working here.

Now, given all those hundreds of pages of the SSPA,
nobody wants to carry it around |like Rob Howard does, | can
tell you that. What should you carry around and can | have
Kevin's Slide 9? You've seen this plot. Jimshowed it and
M ke WIson showed it, Peter Swift showed it, Kevin showed
it. So, you mght guess go to Chapter 4 of Volune Il when it
conmes out because it summarizes the systemlevel. Everything
that we put in is captured here or here. These figures right
here actually shed Iight on all four of the priority areas
wi th the possible exception of the nultiple |ines of
evidence, but 1'll deal with that. Wth respect to the
conservatism you can see the difference in curves, whether
you go this way or that way. Also, you know, the non-
conservatism if you will, here. Wth respect to the
tenperature node, even though we saw differences at the
subsystem | evel, at the systemlevel, if the neans are
| argely the sane, you know-M ke said this afternoon, don't
read too nmuch inportance into sonme of the differences. |
think Peter said it yesterday, as well. You also see in

terms of the horsetail plots, they look a |lot the sane. Jim
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even joked that he m ght have switched the titles, they | ook
so simlar. Wth respect to the corrosion priority area,
these differences out here, people believe are caused by
differences in corrosion back here during the thermal period.

So, these charts provide insights in all three of those
areas. They relate to nmultiple |ines of evidence in that
we're using the nmultiple lines of evidence to gain confidence
in the parts that are assenbled and then run to produce these
di agr ans.

So, now, the Board has suggested in correspondence
that a reason for going cold, a possible reason, is that the
uncertainties mght be less with a colder repository than a
hotter one. And, if you |look here, as of this nonent, our
nodel really doesn't show a difference in uncertainties. W
did see differences at subsystem but not at the system
| evel .

Can you put up Kevin's Slide 10? And, here's
anot her way of |ooking at that difference in uncertainty,
these rel ative frequency plots for the hot and the cold. The
blue and the red are the sanme and also the CDFs are the sane.

You heard from Rob yesterday. It was Page 13 of his
presentation. That at the subsystem|evel, sonetinmes hotter
is nore certain or |less uncertain and sonmetines cold is nore
certain or less uncertain. Bo gave exanples gave exanpl es

with respect to thermal seepage, although we didn't inplenent
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it inthis nodel. The thermal seepage is a nore certain
case, hotter. |It's that it's so hot that we just don't get
any. Cooler, it's nore uncertain. Wereas you heard from
Jim the crevice corrosion is reversed. To nme, it's nore
certain cold because all you need to do is make reference to
the tenperatures and you don't have to invoke the chem stry
to show that it doesn't exist.

So, what should we do here? You know, the Board
has suggested perhaps there should be a decrease in
uncertainty, cold relative to hot, and we see it in sone of
t he subsystem el enents, but we lose it at the system/| evel.
Now, there's any nunmber of reasons why that m ght be. One
reason might be that we're not letting the nodel showit, but
| think there are large differences between the base-case and
t he SSPA, whet her we show the results as the neans or the
results as a CDF for relative frequency. The black is
certainly different fromthe blue or the red which
denonstrates that we have--it's not the nodel. W can put
things in the nodel and get the results to change. The blue
and the red are much different fromthe black. So, it's not
an inability to produce different results. It's not as if we
have a flawed tool that cannot show differences. These
results are much different. But, it could be that our node
as of this nonent, we haven't put the right tenperature

dependency in. Like Professor Craig brought up, perhaps if
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had put Bill G assley's nodel for thermally coupl ed process,
per haps we woul d see a difference.

Anot her possi bl e reason why we don't see a
di fference between the higher node and the | ower node is that
al t hough we can see differences at the subsystem | evel
because it is a such a conplex systemand the systemresults
are neasured 20km away, is that it just isn't tenperature
dependent. The uncertainties are so | arge--which are shown
here or you can go back to Slide 9 and the horsetails show
it--that the uncertainties are so |large that whatever
t enper ature dependencies there are at the system| evel,
they' re just averaged out, snoothed out, cancel ed out,
however you want to see it. Now, as time goes by in the
course of years and we continue to add inprovenents to the
nodel s in terms of new nodels or new data into the nodels, if
this sort of result keeps coming up, then | think in the end
| woul d hope that people mght conme to the conclusion, well,
it's not that they're not putting things in the nodel, it's
just that perhaps the nodel isn't tenperature dependent.

Now, when Kevin brought up that | had answered a
guestion put to ne Chairman Cohon |ast tinme, the chairmn
actually hadn't put the question to ne. He put it to Steve,
but I answered it anyway. |'mgoing to continue in that vein
today to answer a question that was put to sonebody el se.

And, it was the question Dan Bullen put to Bob Andrews. The
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question was is the SSPA better? | would just--I don't think
better is necessarily the right word. | think it's a good
suppl enent. It provides nore information to us. It helps us

put our results, our other work in context. For exanple,
before we did the SSPA, we had the base-case and we had the
claimthat it was conservative. Well, now, since we've done
t he SSPA, we get sone indication of, well, how conservative
was it? Also, with respect to the uncertainty, we use
bounds. We were throwi ng away sonme of the uncertainty, and
by doing the SSPA, we now get a better indication of, you
know, just how nmuch uncertainty have we thrown away by going
with the bound. | don't know that better is the right word,

but it's certainly a good suppl enent.

And, one last point and it has to do with
phil osophy. | think you nentioned that this m ght be
sonmet hing worth having, that small difference out there.

And, perhaps, it is. |If the only price to be paid to get
t hat added benefit of the blue over the red is to have Dave
Sevougi an do the cal cul ation, as valuable as his time is,

perhaps we're all willing to pay that price.

SEVOUG AN G ve ne a raise.

BOYLE: He said give hima raise. |If | could do so,
Dave, | would. However, if, you know, this difference in
performance actually cones at a real cost--like if this were
a discussion of real repository alternatives--and it doesn't
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have to be hot versus cold, just call them blue versus red.
You have to ask yourself what price do | have to pay to get
t hat epheneral benefit because it seens to go away.
Admttedly, it's long, long, and perhaps the differences are
still there out at the large tinmes, but you' d have to ask
yourself is it worthwhile to spend noney today, if you wll,
to have that benefit and | ook at the benefit, particularly
given the uncertainty, the wi despread results. You' d have to
ask yourself. | know we have nmenbers of the press here, but
| don't think we have the Wall Street Journal to the best of
my know edge. But, |I'mpretty sure |I'd know how their
editorial board would answer that question about spending
society's noney today for that possible benefit out there,

given the wide uncertainty and the results.

So, that's the end of ny phil osophic coment and
now I"'mw lling to take questions.
CHRI STENSEN: Thank you, Bill. Board nenbers?  Saglés
and then Bullen and then Craig.

SAGUES: Thank you. Since you have that graph over
there, I want to address specifically the issue that you're
mentioning in here. | don't think that we are tal king about
the blue versus red at 200,000 years. I'ma lot nore
concerned about the black versus blue and red because that
trenmendous shift over there or at |east a good chunk of that

shift is the result of a batch of 12 experinents that were
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performed at the University of Virginia plus another, |
bel i eve, six or seven experinents that were performed over
there and there is a set of conditions which represents a
highly sinplified, high idealized type of test. |If those are
the tests that resulted in the estimation of an activation
energy for the tenperature dependence of the uniform
corrosion rate, if those tests would have come up just a
little bit different, there's a good chance that we'll be
back to pretty close to the black curve. 1In that case, we'll
be tal ki ng about dramatic change of the repository
conditions. Now, here, you tal k about phil osophical issues,
we have sonething which is a little nore practical. One of
the old tricks that you do when you're doing research, as yo
know every well, is take a certain dataset, draw the
conclusion, and then take away one or two of the data points
and see if you still end up with the sanme conclusion. |f you
do that with a couple of these datasets, the conclusions may

change dramatically. O if you change maybe from a gl ass

test cell to a teflon test cell, the results may cone quite
different. | am concerned about the tremendous effect that
just those two series of experinents have had in the overal

proj ecti on.
BOYLE: Sure.
SAGJES: And, | would like to see your conments on that

particular sensitivity of the findings.
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BOYLE: And, I'mnot an expert in metallurgy or
corrosion, but I'"lIl coment on this effect in the follow ng
way. Wthout even doing any tests--could have used Dave
Sevougi an's valuable tine to turn the knobs on TSPA and
produce this result anyway, you know, just as an insight-
produci ng cal culation. But, that isn't what was done. You
know, although it's a limted dataset, they actually used
data and experts, as far as | know, interpreted those data
and put it into the nodel and the result cane out |ike this.

Now, we're not done. Jerry Gordon, every tine he speaks,
you know, it's this test and that test and |I'm no judge of
whet her they're the right tests or not, but it sure seens
like a lot of tests and they are the experts. So, |'m
assuming as tine goes by we're going to find out is that the
right representation or is it even better or is it back to
the black or worse? But, this result was driven by data.
It's wasn't, you know, maybe there's--people | ook at the sane
dataset, interpret it differently, as you bring out.

Per haps, those data don't really represent what people think
they represent. Maybe, they were driven by sone artifact of
the test. | count upon the experts to figure that out and we
have the expert peer review of the corrosion, ongoing tests.

So, | think with time we should gain insight into where the

curve is going to end up

SAGUES: Ckay. Thank you.
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CHRI STENSEN: Dr. Bull en?

BULLEN: Bullen, Board. Well, Bill, since you are
answering questions for other people, 1'll pose the sane
guestion | posed to Steve Brocoum yesterday. Based on the
results of this curve right here where we're | ooking at these
data, if you go to your Figure 3, you comment that during the
10, 000 year period, the supplenental nodel shows that there's
|l ess--let's see, the results are essentially |ess
conservative, | guess, if you want to put it that way, or
non- conservative because you actually have dose.

BOYLE: Right, exactly.

BULLEN: But, in the supplenents of the EIS, the draft
ElS, you still had a zero dose at 10,000 years. Now, you've
got even a very small dose. The question | asked Steve was

about bounding and | think he interpreted it wth respect to
boundi ng nodel s for the hot versus cold design and the |ike.
But, in bounding results, does this nmean that the suppl enent
to the draft EIS is not bounding any nore and will the final
El' S i ncl ude SSPA results as the boundi ng cal cul ati on?
BOYLE: | don't think Joe Ziglar is--there he is. Good.
"' m not touching any EI'S questi ons.
ZI AR Joe Ziglar, DOE. Yeah, the plan right nowis
to use the SSPA results in the final EIS. And, while froman
absolute (inaudible) it may not be bounded, it does this

very, very close to zero. So, froma nom nal inpact



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

414

standpoint, | really don't see nuch difference there.

BULLEN: Bullen, Board. From an environnental inpact
statenment, you're exactly right; there's no inpact. But,
froma psychol ogi cal perspective of zero versus non-zero,
it's a different nunber in the eyes of the public. That's
t he issue.

ZI AR Right. And, of course, we'll use the |atest
avail able information for the final EIS, as we have in each
version, so far.

BULLEN: Ckay. Thank you. One last question, Bill on
Figure 7. You notice the follown work and it's al ways great
that we ask these sort of questions, but then we al ways get
to the point when do you quit putting information in prior to
the site recomrendati on decision? And, | know we've got up
until later this year until Is have to be dotted and Ts have
to be crossed and sone docunent has to be handed to a hi gher-
up in the political spectrumthan our pay grades, but what do
you think you' re going to know based on this information and
how will we know it as a Board? Wen will we see
suppl enent's, upgrades, including the public having access to
t he sane ki nds of docunents?

BOYLE: | believe you heard Kevin say that there--and |
think Peter Swift said it yesterday afternoon--that with
respect to putting nore things into the TSPA nodel, we may

not. Because if we do, whether it's just even one thing,
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we' ve got to go back and get Dave Sevougian and get himto
run everything all over again. So, wth respect to the |arge
nodel , we may not add anything else and this exercise, the
suppl enental nodel, will be along the lines that Kevin said,
totry and find out like, for exanple, the uncertainty and
even the nean results and the high tenperature and | ow
tenperature at the gross level are the sane, but actually are
there any differences between thenf You know, have we sorted
through |i ke are there uncertain--the different uncertainties
driven by different things. | don't think so, but we haven't
done the work to find out. So, that would be that sort of
wor k and data collection, of course, whether it's related to
this or not, we always do. But, all three of these, we hope
to have docunented autumm tinme frame and referenced in
Progress Report 25 which would cone out by the end of the
year. So, it would be publicly avail able.

BULLEN: Bullen, Board. Maybe this is a followon
question to Kevin because | think the question | was trying
to ask when | tal ked about the difference between the hot
versus a cold design or HTOM versus LTOM was if you | ooked at
t he horsetail diagram and you | ooked at the actual sanpling
for each of them was there a certain range of paraneters
that resulted in wi der uncertainty in the hot design versus a
wi der uncertainty in the cold design because of the--I nean,

you only had certain cases where there actually was part of
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t he horsetail showi ng up and was that different sanpling
regimes that woul d give you an indication that there actually
may be differences in the subsystem nodels? WII you be able
to see that?

COPPERSM TH:  This is Coppersmth. Yeah, | think you
answered it at the end. 1In fact, you'll see those at the
subsystem |l evel. There will be differences that have to do
wi th seepage flow rate or sone other subsystemlevel and, in
fact, those are called out. They're called out in Volune |
and they're called out particular in Chapter 3 to Volune I1I.

And t hen, what happens many tines--and there's counteracting
effects such that it doesn't make it into the total system
So, | think part of this effort, that first bullet, it's not
real |y addi ng anything new. It's just dissecting what we
have. And, even the discussion here of the dom nance of the
t enper at ure dependence of the general corrosion rate, we
haven't seen what do we nmean by dom nance? How much of the
uncertainty is contributed by that particular input? It
woul d be nice to have a better feel for 25 percent, 80
percent. It would be nice to have that. These are existing
inputs. That's just another way of |ooking at it.

CHRI STENSEN: Dr. Craig?

CRAIG Paul Craig. Yeah, we're at the tine when we get
to reflect at the end of the neeting and |I've got a couple of

comments, one that relates to you and the other relates to
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Kevin, but they're really closely connected.

The presentations that we've heard, it seens to ne,
massi vely confirnmed the centrality of CG22 and titanium
behavior. Wthout those, you're really in deep trouble. The
extrapol ation of a very limted nunber of |aboratory
experinments remains key. Now that we're into the tenperature
dependency, we see that Arrhenius coefficients really matter
and they're extraordinarily cruelly determ ned for reasons
that were explained fairly clearly in a presentation. Al of
this seens to be driving this kind of massive change that
we're seeing over here. |In sonme sense, it seens strikingly
late in the gane to have such enornous nodel instability
unl ess, of course, the nodeling instability doesn't really
matt er because the repository perforns fantastically well
regardl ess of what nodel you take. And, if the instability
is out in aregion where it doesn't matter, well, then, okay,
that's fine, all is well and good. | sinply find that to be
a question which I"mstruggling with and don't have an answer
to. But, |I'mtalking about conmunication here so ny focus is
really on communication in this situation where the data,
particularly in the higher tenperature end, seens strikingly
anbi guous and that seens to me to be the nost conpelling
argunent for going with a cooler repository. It seens to be
much, rmuch nore defensible in the near-termin the region

where things really matter which is the corrosion of the C



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

418

22. W haven't tal ked about the failure of the titanium but
presumably, there's simlar discussion to be had there. The
first point.

The second point connects with Kevin's
presentation. Kevin has absolutely amazing ability to take
conplicated stuff and find alternative and new cuts which
give us new insights. As Dan pointed out in the suppl enmental
draft environnental inpact statenent, you had identically
zero dose for 10,000 year which struck nme as, really, a touch
of arrogance to it. | ampersonally inclined to say that
going from absolutely zero to 0.00006nr/yr represents a
change which is inportant and positive. That's really a good
change. Wat the nunmber actually is in this particul ar
instance is far less inportant than the fact that the nunber
is not exactly zero. Now, if | look at Kevin's #10 whi ch was
up there just a nonent ago, | discover that in contrast to
all those runs that showed zero back in the draft
envi ronnment al inpact statenent, we now have either 11 or 12
percent of the runs that show exactly zero dose going out for
1, 000, 000 years. 10 or 11 percent, that's really an
interesting thing. I|I'mglad you told us that. I'mtrying to
figure out what does this nmean? And, it neans, maybe, that
the--that's a big fraction when we think of 95 percent
confidence limts. |Is this an indicator that the repository

is really incredibly robust or is it an indicator that
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sonething is drastically wong? | don't know the answer to
that, but as | said, what "'mtrying to do is to focus on the
communi cation side of the presentation here and rai se issues
whi ch seemto nme we do have sone technical inplications in
ternms of toughening up the understanding of the corrosion of

the C-22 and the titanium

BOYLE: Well, if Kevin doesn't mind, I think we'll go
one-two. | don't know that | would characterize this |arge
change as instability in the nodel. | don't think there's

any secret within the project that | have been a proponent of
addi ng the uncertainty. Not that | object to the boundi ng

cal cul ations, but in order to put it in perspective at the
uncertainty. The people that put the bounds in, sone of them
did so, in part, just to avoid the sorts of questions that
Prof essor Sagliés is bringing up. They felt that they didn't

have a | arge database to justify going wwth a, you know -we

work better with a nore uncertain nodel. So, they bounded it
just to avoid these sorts of comments. So, | woul dn't
characterize it as instability. It's just the new nodel was
done to gain insights into performance.

Now, with respect to the second point, before |
turn it over to Kevin, you' re saying that you actually see
val ue--you know, just in terns of believability and Professor
Parizek is nodding his head, as well, because |I think he said

the sane thing. Wth respect to Dan's question on is the
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SSPA better which | said, well, it's a good suppl enent, just
froma comunications point, | agree with you. That | think
having these early results are better in the sense that
they're nore believable to you and to you and it's--people
find it hard to believe that we were conservative and yet we
had no rel eases, at all. And so, fromthat point of view I
view this large spread in the results or the | ow sl ope of the
CDF here as a good thing. But, having said that, |I'm not
against in a licensing forumdoing with bounds if we have
this sort of information that allows us to put the bound in
perspective. | nean, |ast week, the Nucl ear Regul atory

Comm ssi on based on what | read in the newspaper nentioned to

Chai rman Cohon that the NRC has no problens wth bounds.

It's an accepted approach with them

COPPERSM TH:  This is Coopersmth. Remenber that very
little has changed fromthe tine that the TSPA SR Rev 0 was
done and fromthe tinme that we devel oped SSPA. | nean,
there's been sone new data and so on. But, | think what's
changed nost, again, uncertainty is in our mnds and so it's

our representation of that. W were talking today at |unch
and maybe we should have called this unnodel ed uncertainty.
Peopl e have trouble with unquantified uncertainty. There
were sone things, sone uncertainties and sonme porosises, that
sinply weren't nodeled or weren't nodeled realistically the

way we expect themto happen. They're nodeled in a bounding
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sort of way to be conservative. So, what's changed in terns
of the novenent here is nore than a total change in our
perception or new data that lead to instability if we have a
new pi ece of information. |It's actually a change in the
rules. The rules were to be conservative in bounding or the
rules were to be representative with uncertainty. And, they
actually do coexist well because if you can use one--if an
argunent is going to be made for the black |ine being
conservative, you know, have a basis for making that
argunent. So, it really has to do with our representation of
uncertainty.

CRAIG Yeah, that's an entirely legitimte way to nake
use of this. Say, yeah, the uncertainty is if we go out to
100, 000 years, the uncertainty extends over six or eight
orders of magnitude or whatever it is. But, even taking al
that into account, you're still doing well. So, again, it's
the point that if the uncertainty is in a range that doesn't
matter, so okay, it doesn't matter, good. But, this is very
interesting. Very interesting. Thank you.

CHRI STENSEN: W have two staff questions. GCkay, one

staff question. Dan Metlay?

METLAY: You al nost had none, but since you brought up
phi | osophy.

BOYLE: Dan did.

METLAY: O since you responded in a philosophical vein,
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let me see if | can present you with a hypothetical. The
performance on that nmean annual dose curve to the first

10, 000 years is now not zero. It's a very small nunber. Is
it conceivable that with this further work that you're
undertaki ng and the re-anal yses and perhaps an extensi on of
Prof essor Scully's experinents and replication, etcetera,
etcetera, everything that the scientific process does, is it
i magi nabl e that that 10° result might be 10° or 10*? And, if
it is imaginable and here's where the hypothetical cones in,
how does your thinking about which nodel is appropriate, how

is that thinking affected?

BOYLE: kay. And, this sort of canme up with M ke
Wl son and, | think, Professor Parizek, when he was
mentioning that, you know, he saw a value in reporting this.

VWhat if it were higher? And, there is that possibility. |
woul d i ke to judge the nodels on their nerits, you know,

when we go to use them If | had a feeling that this was the

better one, even if it was 10% well, that's what | would
tend to believe. It's still below the dose, you know, the
[imt which is somewhere up here, but | can tell you one
thing that m ght happen. Even nowwth it down here at a

close to zero, but non-zero, nunber, | think there are people
in the project that want to find ways to bring it right back
to here. Like we had a question fromthe audi ence already.

| forget--sonebody, one of you, maybe you read it, Professor



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

423

Bullen, it's sone people believe that even these results are
t oo--they' re unbelievable. You know, what happened to the
second lid and that sort of thing. And so, it's thinking
along those lines that if it were to get up--it doesn't even
have to get up here. There are going to be people that want
to bring it right back dowmn to zero over here and at the sane
time, perhaps not realize that they're going to have to pay a
price with Professor Craig and Professor Parizek in ternms of
then the results aren't necessarily believable anynore. You
just look at themand you go, zero in 10,000 years. So,
nyself, as long as we stay a good ways away fromthe limt, |
have no phil osophi cal probl ens being non-zero. |In particular
what we have and--don't forget that the disruptive rel eases

are up there anyway.

CHRI STENSEN:  Bill, thank you and ny thanks to all of
the speakers for a really interesting afternoon. And, | now
turn this back over to Chairman Bullen

BULLEN: Thank you, Dr. Christensen. Throughout the
course of the nmeeting, we've had six or seven questions that
have been submitted to the Panel, but not asked. And, in
[ight of conserving tinme for public comment, |'mjust going
to actually give themto our transcriptionist and have them
appended and added to the record as if they were witten
comments. Unless, of course, the people who wanted those

guestions asked would like to use the public coment tinme to
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do so. W have two nenbers who have signed up for public
cooment. |I'd like to remnd you that we had public comrent
just before lunch. So, we really are about on schedul e.

Kal ynda Til ges? Kalynda signed up and said that
she had sone witten comments forthcom ng, but woul d she al so
i ke to make public conmment?

TILGES: Yes.
BULLEN: Ckay. Kalynda? How about eight m nutes

api ece? We have two people, eight mnutes to--

TILGES: 1'Il do ny best.

BULLEN: Ckay, thank you.

TILGES: H. M nane is Kalynda Tilges, Nuclear issues
coordinator for Citizen Alert. | actually m ssed the first
day's neeting. So, maybe, | can keep it to eight m nutes.

I"mnot only the nuclear issues coordinator for
Citizen Alert here in Las Vegas; |I'malso a long tine
Nevadan, a nother, and a grandnother. And, according to

everything | hear, |I'malso a dose receptor, but | guess one
of the reasons that |I'mup here being a dose receptor, |'l|
guote fromour friend, Judy Triechel, is that in our state a
dose receptor is a Nevadan and a health effect is a dead
Nevadan. And, | don't plan on nyself or ny children or ny
grandchil dren having a health effect. So, with that mnd, |
coul d have nitpicked this whole thing apart, but that would

take me way too long. So, just sonme comments that | wote
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down.

There seens to be a lot of scranbling around to
deal with the effects of water in the repository and it seens
to me that Yucca Mountain was singled out. One of the main
reasons Yucca Muntain was singled out was that it was such a
dry area. So, this is sonething that is confusing to ne.
There's a ot of clains to know a | ot about the groundwat er
flowin this area. However, | want to know how much you
real ly know about the ground flow under Yucca Mountai n being
connected to the Frenchman Fl at area of the Nevada Test Site
or the Paiute Mesa because your counterpart in the Departnent
of Energy on the Nevada Test Site doesn't seemto have very
much of a clue about this. Al they knowis it's
contam nated and, well, we're not really sure where the plune
is. Maybe it's comng toward Yucca Muwuntain and has the
Departnment of Energy and the Yucca Muntain Project taken
into consideration the cunul ative effects of whatever
groundwat er contam nation is at the Nevada Test Site flow ng
into Yucca Mountain and do you even care?

The predictions and eval uation of the drip shield,
you' re tal king about possibly |leaving the repository open for
about 300 years. M understanding fromthe SDIS is that the
drip shields wouldn't even be enplaced until just before the
repository was going to be closed. So, we're | ooking at

possi bly 300 years in the future, but I didn't really see any
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reference to cask performance before the drip shields were
enpl aced. Possibly, | mssed sonething on the first day.

" mvery concerned about the TSPA. You're dealing
Wi th conputer nodeling. And, maybe, there's a lot--1"msure
there's a lot | don't understand. But it sounds to ne the
nore | listen, | really try and understand, but | get nore
and nore confused at each of these neetings and it seens to
me as that you're using conmputer nodels to validate your
conputer nodels. And, as | brought up before, you' re doing
your work on regul ations that haven't even been finalized or
adopted yet and not even follow ng the physical qualifying
and disqualifying characteristics of the nmountain that are in
place in the regulations and | aws that are on the books now.
And, to the Technical Review Board and Danny Bullen, |
real ly appreciate you guys being here and trying to hold the
bar up for the DOE and being an advocate for the public, but
it just--1 don't understand how t he Departnent of Energy can
be allowed to continue in what seens to ne is an entirely
illegal vein. It seens to ne that they should be working
with the laws and the regulations that are on the books now.
When the proposed changes are nade, then you can go ahead

and start working toward that.

Kind of on that subject, there seens to be so nuch
uncertainties. | asked this question at the Technical Review
Board neeting back in Amargosa and | know it sounds very
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facetious and cynical and | really didn't nmean it to be that
way. | have to ask it again and again | don't nean to be
cynical. But, as | listen to you, the only way |I feel | can
word this question is with so nuch uncertainty, howis it
that the Departnment of Energy and the Yucca Mountain Project
can be certain that you' re going to be certain about this
project by the tinme site reconmendati on cones up? Wi ch
brings up a whole other Qorah in the fact that you're tal king
about if, when, nmaybe, we hope, possibly, five to 10 years
nore studies. It seens to nme you're just barely scratching
the surface of bare m ninum of perception of what's really
going on out there and yet you're planning on site
recomendation this year. This has putting the radioactive
cart before the horse. It's entirely illogical. It's

conpletely offensive to the people not only of Nevada, but

this country, | think. | think you do us an injustice. And,
| think there are quite a few people in this roomwho are
famliar with the Darwn Awards and | feel that there's going

to have to be a whole new award category for the Departnent
of Energy when they w pe out the entire human race starting
wi t h Nevada

Asking Abe Van Luik at the STI'S hearings how nuch
this has cost, so far--1'Il try and wap it up--he said, oh,
seven billion, give or take a billion. WlIl, you guys are

pl aying fast and | oose with our noney here. So, it seens to
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me that noney should not be the bottomline on our safety.

If it takes another billion or so to nmake sure we're safe, to
get rid of these uncertainties, spend the noney. These are
our lives.

This is a project by the Departnent of Energy's own
adm ssion is going to fail and yet you nove on. You say you
don't want to set an arbitrary date, but you still have years
and years of studying. This is your quote; you don't want to
set a arbitrary date. Maybe |'ve paraphrased a little, but

you' ve basically done that by setting site recommendati on for

this year. And, | say you in the grander schene of things.
As far as we're concerned--when | say we, the
peopl e of Nevada, the farm ng community out in Amargosa, 12

mles away fromyour project that's guaranteed to | eak and
fail around which you won't be anywhere near, neither wll
your children, we talk about the only 100 percent success
rate that the Departnent of Energy has and that's of
contam nation of very site it's ever had in its control
And, yet, you stand here and tell us we'll do it right this
time. | try hard not to be a skeptic, though I'm sure ny
husband woul d be nore proud of ne if | was, but even | don't
bel i eve you.

| consider risk assessnent a voodoo sci ence and
it's basically just a PR approach to making the public feel

better about being nurdered. And, | guess there's really no
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wap-up to this and maybe I sound a little enotional.
really try hard to keep that out of ny testinmony. | really
try and be clear and unbiased. Not having had nuch sl eep
running around at different neetings trying to chase you al
around as a single organizer in the City of Las Vegas is very
difficult. But, it's a responsibility when I |ook at ny
children that | have to do. And, maybe I'ma little grunpy,
but after listening to you all, | realize |I have a right to
be and I wish there were nore people from Nevada here to tel
you how they feel because | think they'd be a |ot grunpier
than | am
Thank you.

BULLEN: M. Tilges, thank you very nmuch for your always
t hr ough- provoki ng comments. | think maybe after two days of
hard nmeetings, we're all a little grunpy. But, again, thank
you very much

Qur last commenter that's signed up is M. Tom

McGowan. M. MGowan, it's all yours?

MCGOMAN: | would like to begin in the highest tradition
of Las Vegas entertai nment by recognizing a dignitary, a
visiting guest artist in our mdst this evening. You may not
be aware of this, but he is a superb exponent of the Iinbo
and | won't reveal what he had on his head other than a
| anpshade on a particular event. But, in any case, he's a

fine gentleman and | consider himand |I hope he considers ne
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his friend. H's name is Dr. Steven Hanauer from
headquarters. Hello, Steve, how are you?

HANAUER: Hell o, Tom

MCGOMWAN: He nmade the astute observation that when
left the Alpine Village Inn, they tore it down. Actually,
they were tearing it down at the tinme which is why | left.

And, Dr. Craig, how are you? Another visiting

dignitary. Were were you yesterday? Don't answer that.

Had | ong | unch breaks.

Seeing | have this extensive amount of tinme, |l
try to throw sonething together here. | was |ate today, but
| brought a note. Here it is. This one and a half day
nmeeting of the Joint Panels of TRB sequentially chaired by

Dr. Bullen, Sagliés, and Christensen easily ranks as anong the
best conducted and perhaps nost probing and | oose data
nmeetings since the inception of the TRB. That's neant very
sincerely. Not to be denied, the emnent roster of DOE
OCRWN, YMPO representatives, their M&O contractors, and the
expert (inaudible) fromnational and scientific |aboratories
exhi bi ted an unprecedented degree of cogent articul ati on and
timely responsiveness to a session inquiry under stressful
conditions and with rel ative ease except for one anomal ous
departure fromthe normof self-confident excell ence who w |
remain unidentified. Well, I wll leave that for you to cope

wi th unraveling that nystery over one or nore sl eepless
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nights if you choose. Quantified by the realization that
human neans inperfect. Hence, nobody is perfect except ne,

of course, which proves ny point, | think. Are we together,
so far? Good, we have 11 mnutes left or one? It keeps
going up, doesn't it? There's no ganbling in the State of
Nevada because you didn't understand that. | hope before you
go out there and go ape, nake sure you lock it away
somewher e.

That gives rise to the correlated fact that there's
no such thing as al nost pregnant, alnost perfect, al nost
guar ant eed, safe, secure, and human intrusion inpervious
underground repository for the permanent storage of high-
| evel nuclear waste. Which latter event is the nore
di sconcerting and humanly repugnant in view of the inevitable
consequences? Since permanent nmeans immobilized in place
essentially forever which is not, cannot, and will never be
the case. | didn't hear anybody ask that particul ar
question, but there's the answer in case you think of the
question one of these days.

A 1940's classic notion picture tells of the Oxbow
| nci dent starring Henry Fonda. |t was based on a historic
event which took place right here in the (inaudible) pioneer
state of Nevada and told of an itinerant ranch hand who
arrived in a small town and happened upon a |ynch nob about

to execute three nen who were fal sely accused of theft, rape,
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and nurder. Wen Fonda, who played the stranger in town,
voi ces objection to the injustice taking place, the | eader of
the I'ynch nob gruffly told himto m nd his own business
wher eupon Fonda replied, "Hanging is the business of any nman
who is around.” And as that sinks in, as it occurs, so is
this. Wether you're willing to accept the fact or not,
that's what this is, which explains why I'"mhere in the
adversarial role.
| love you dearly, but | may not necessarily be

with you for the rest of tinme. But, the nost inportant
guestion is why are you here? Wat do you do here exactly?

By what testifiable reasoning basis? Notw thstanding to
deserve the cl ai m expressed at the beginning of ny public
comment which | deleted for the sake of tinme and
sensibilities, | think, did | say sonething nice about DOE

i nadvertently or on purpose? 1'll say it on purpose. kay.

(I'naudi ble) this Board. You're all swell people, but that's
not what this is about. |It's about life or death, isn't it,
swel | people or not.

And, | was thinking (inaudible) inadvertently,

you' ve m ssed the point conpletely both on scientific and
t echnol ogi cal grounds and the chairman is responsi ble for
conpliance with the higher (inaudible). For exanple, you
exquisitely detail and address the underground geophysi cal

properties, dom nance, sub-nolecular mnutia, burden it to
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the SSPA in support of a defensive depth of that which is
apparently indefensible, otherwise. Fails to disclose the
(it naudi ble) facts that (a) it's inpossible to assess a three-
di rensional iteration of a four-dinensional universal
space/time continuum or any sub-locally site-specific and
[imted by that increnental segnent of it; (b) nonradioactive
munmi es, archeol ogi cal artifacts, natural (inaudible), and
isolated tunnels are irrelevant to the subject (inaudible)
study and (i naudi ble) and inapplicable as independent |ines
of evidence since they do not contain a radi oactive source
for the propagation of thermal energy inpacted upon the

surroundi ng host rock over any substantive term

Maybe I'm m staken. Is there a radioactive nmumy
or not? Pardon ne, | couldn't hear it for the public record.
BULLEN: Not like this.
MCGOMWAN:  Was that a uh-huh or what?
BULLEN: Not like this.
MCGOMWAN:  No, thank you very much. Then, why was it
brought up? Don't answer that. That woul d be perpl exing;

conmpoundi ng, | shoul d say.
It's elenentary, this (inaudible) formally inpacted
nonhonogeneous under ground host rock matri x securely conbi ned

with a cooler, hence rigid, internediate and far-field rock
matri x (inaudible) regional area mass and tensile integrity

can only expand within and upon itself. And, any fractures
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(i naudi bl e) and other discontinuities or voids within it
i ncluding a contiguous (inaudible) repository drift
(tnaudible) to a netastatic state wherein the slightest
i mbal ance i npetus can and will trigger the underground, over-
catal ytic, spontaneous, explosive, shattering, and
disintegration of itself and everything init. | didn't hear
anybody nention that. But, why bother?

Consequently, an underground repository of a high-
| evel nuclear--1've got about five mnutes left. |Is that
okay? 1'Il shorten it, though. Consequently, an underground
repository of high-Ilevel nuclear waste is an anal ogous to the

enpl acement of a thin-shelled or unshelled soft-boiled egg
wi thin (inaudible) enconpassing jaws of hydraulic press
attained to a netastatic state, a pronpt explosive, self-
destruction, (inaudible). Wich proves that the (inaudible)
pathway is the one between the years (inaudible) singularity.

But, why qui bble when the tine is of the essence, excited
haste, (inaudible) leisure, and rather than remain silent and
be that ignorant, provide exhaustively detailed oral
presentations, charts, graphs, and gesticul ations and renove
all remaining doubt. Wen is your next nmeeting? | don't
want to mss it.

In the inmmortal words of (inaudible) beyond

reasonabl e refuted conjecture, who has net the eneny, it is

us. But, it's tinme we understood and accept that fact in a
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spirit of humlity. Mst ironic and incongruous, that nane
is indicative of attainnment to higher achi evenent, such as
Bul I en, Parizek, Sagués, Wng, Christensen, Cohon, Nel son,
Craig, and so many others in (inaudible) of perception,
however circunstantial, but inextricably and contingent upon
your fully informed advisory reconmendations to the Congress
and President of the United States, are now poised to either
assunme your rightful place anong the truly great or

(1t naudi ble) tinme or (inaudible) be relegated to the

(i naudi bl e) scrap heap of human history as having failed
utterly yourselves, each other, and all posterity.

In the latter instance, it's irrefutable that
whether wittingly or unwittingly, the official generic "you",
i nclusively, has engaged in conspiracy to conmt mass
genocide on a historically unprecedented human and uni versal
scale, inter-generationally, and in perpetuity by the
under ground enpl acenent of toxic radionuclides inevitably
i nsure deadly inpact upon human and all other species
(i naudi ble), as well as the natural environnment, rather than

sustain life and there as potential as (inaudible) human

itself.

To conclude here, that gets a standing ovation as a
rule. 1'll be about another 35 seconds, give or take a
decade. GCkay. In relevant side note--and this may smart
just a little bit, but you're big guys and gals. A relevant
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side note here, Eichman never personally forced anyone into a
hei nous gas chanber or an oven. He sinply followed orders
and signed the directives for his subordinates to
subsequently carry out the (inaudible) solution in
(1 naudi bl e), such as Auschwitz and (inaudible). But, upon
the end of World War |1, the intimdation was tribunal at
Nur enbourg (i naudible) at the followng of an i moral order
and the nere fact of separation by tinme and di stance, prem se
ultimate consequences, was not a conpetent |egal defense.
(I naudi bl e) of a mass genocide of the mllions of innocent,
unsuspecting and defensel ess nen, wonen, and children, and
the death canps of Nazi Germany. The only difference between
Ei chman and the official generic "you" is that although there
is activities where (inaudible) in terns of geographic area
(i naudi bl e) denographic victimzation have been tenporarily
been |l aid, but inevitable. Inpacts of consequences of your
official acts, om ssions, and advisory recomendati ons are
historically unprecedented in human and universal scale
inter-generationally and in perpetuity for the rest of human
time. This waps up sone.

But, there is a wi ndow of opportunity for you to
exhibit the integrity and intestinal fortitude to take at
| east one, however tinorous and (inaudible) step down from
the (inaudible) tree and together--together, in comunity,

stride conpetently across the nonreturnable threshold that



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

437

opens onto the brilliant horizon of challenges and
opportunities through extraordi nary human achi evenent which
awai ts and beckons throughout the third m |l ennium and
beyond. You may not believe this, but I'mconfident you wll
choose the positive course toward the safe and sane future in
sight of almghty God. God willing, | hope to see all of you
t here.

You can have the rest of the tinme, Dr. Bullen, for
the party or whatever the hell there is you have in m nd.
Thank you very nuch. Don't get up, anybody.

BULLEN: Thank you, M. MGowan. You always provide us
wi t h thought - provoki ng corments. And, that |ast cone, too.
That's exactly right.

Before this neeting closes, actually maybe | should
answer a question that was raised and |'mgoing to get the

date wong, but we're here the second week in Septenber for a

Ful | Board Meeting. |Is that correct, M. Executive Director?
Dates are on our web site. | know that. And, the other
guestion is it's at this hotel, right? Check the website for

these activities. | think it's the second week of Septenber,

Ful | Board Meeting, and it is here.

Dr. Parizek?
PARI ZEK: 10t h, 11th, 12th, 13th, 14th including travel
dat es.
BULLEN: It's got to be 11, 12, because we don't have
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nmeetings on Sat urdays.
PARI ZEK:  Public would be 11:00, | see on ny listing.
BULLEN: Ckay. Next neeting and it's here.

Before we close, | have to express sone deep
appreciation fromthe Board. W had outstandi ng
presentations all around, as also pointed out by M. MGowan.

"' m not sure which one wasn't good, but we'll have to think
about that and toss and turn at night.

| al so want to express our appreciation for the
di rect addressing of the Board' s issues and concerns. Leon
Reiter and | had a nunber of conversations with C audia and
wi th Bob Andrews and peopl e about what we wanted to see in
this nmeeting in the presentations. And, we were very pl eased
or | amvery pleased with the results that we saw

| also want to acknow edge that it was extrenely
difficult for you to, one, bring this neeting together in the
time frane allotted, but also for you to provide information
that's still a work-in-progress. W realize that it's still
a work-in-progress. Even though you' ve been successful in
conpiling over 1300 pages of information that | have yet to
go through conpletely, we really understand that it's crunch
time, you're doing the best you can, and we are really trying
very hard to keep up. W want to thank you again for keeping
t he meeting on schedule, for providing us with the great

presentations, and for giving us information in a very, very
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timely manner.
Wth that, I'll ask if there's any other coments
or questions that should cone fromthe Board or staff?

(No audi bl e response.)

BULLEN: Seeing none, | declare that this neeting is
adj ourned. But, before | leave, | want to rem nd the Board
menbers and staff nenbers we have a debrief neeting starting
at 5:30 on the fourth floor. Be there.

(Wher eupon, the neeting was adjourned.)



